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P RE  FACE. 


In  introclucing  a Second  Edition  of  tliis  work  of  Dr.  Fresenius,  on 

Quantitative  Analysis, 

to  English  Chemists,  I congratulate  tliem,  and  myself,  tkat  the  work 
has  been  duly  appreciated. 

The  Author  has  spared  no  pains  or  lahor,  not  merely  to  keep  it  up 
to  the  improved  state  of  the  Science,  but  to  make  it  the  medium  of  in- 
troducing  methods  of  research  in  advance  of  all  other  works.  Whatever 
has  been  proposed,  either  in  tliis  country  or  on  the  Continent,  to  facili- 
tate  the  path  of  analysis,  has  been  tested,  and,  wlien  found  sound  and 
practical,  has  been  introduced  in  its  proper  place.  Every  doubtful 
point  has  been  rigidly  subjected  to  repeated  experiments,  errors  cor- 
rected  and  faults  amended,  and  many  new  processes  added  from  the 
author s ample  experience  in  his  own  laboratory.  Amongst  the  addi- 
tions  I may  mention  the  introduction  of  volumetrical  methods  of  deter- 
mining  the  constituents  of  commercial  articles,  as  being  particularly 
valuable  for  economising  time  and  assisting  in  every  way  the  practical 
chemist.  To  repeat  what  I had  occasion  to  remark  in  the  preface  to 
the  First  Edition — this  work  on 

Quantitative  Analysis, 

althougli  in  itself  complete,  may  be  regarded  as  a sequel  to  the  author 's 
Qualitative  Analysis — a work  which  has  been  found  of  the  highest 
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value,  nay,  almost  indispensable,  to  tlie  Student  of  Chemistry,  whatever 
other  books  on  tke  subject  he  may  possess. 

As  a guide  to  analytical  chemistry  the  merits  of  the  present  volume 
are  of  the  higliest  order.  The  arrangement  is  simple,  methodical,  and 
consecutive  ; the  theoretical  explanations  are  appropriate,  clear,  and 
intelligible  ; the  language  plain,  and  the  directness  and  honesty  of  pur- 
pose,  together  with  the  just  appreciation  of  the  labors  of  others,  dis- 
played  throughout,  must  commend  it  to  every  one  engaged  in  studying, 
teaching,  or  practising  Chemistry  ; and  I have  great  pleasure  in  being 
the  medium  of  presenting  it  to  the  English  Public. 

J.  LLOYD  BULLOCK. 


22,  Conduit  Street. 


CONTENTS. 


JPAOE 

Introduction  ...  ...  ...  ...  ...  1 

DIVISION  I. 

GENERAL  PART. 

SECTION  I. 

ON  THE  METHODS  OF  PERFORMING  ANALYTICAL  OPERATIONS. 

CHAPTER  I. 

Operations,  § 1 ...  ...  ...  ...  ...  7 

I.  Weighing,  §3  ...  ...  ...  ...  ...  8 

a.  The  balance,  § 3 ...  ...  ...  ...  ...  8 

b.  The  weights,  § 8 ...  ...  ...  •••  ...  13 

c.  The  process  of  weighing,  §9  ...  ...  •••  15 

II.  Measuring,  § 11  ...  ...  ...  ...  ...  19 

a.  The  measuring  of  gases,  § 1 1 ...  ...  ...  19 

b.  The  measuring  of  fluids,  § 1 2 ...  •••  •••  24 

CHAPTER  II. 

Preliminary  operations.  Preparation  of  substances  for  the  pro- 
cesses  of  quantitative  analysis. 

1.  Selection  of  the  sample,  § 13  ...  ...  ...  28 

2.  Mechanical  division,  § 14  ...  ...  ...  29 

3.  Desiccation,  § 15  ...  ...  ...  ...  31 


V11L 


CONTENTS. 


III.  General  process  in  quantitative  analaysis,  § 16 

1.  Weighing  of  the  substance,  §17 

2.  Estimation  of  the  amount  of  water  contained  in  a substance, 

§ 18 

A.  Estimation  of  water  by  loss  of  weight,  § 18 
13.  Direct  estimation  of  water,  § 19 

3.  Solution  of  substances,  § 20  ... 

a.  Direct  solution,  §21 

b.  Decomposition  by  fluxing,  § 22 

4.  Conversion  of  the  dissolved  substances  into  forms  adapted  for 

weighing,  § 23 

a.  Evaporation,  § 24 
Weighing  of  residues,  §25... 

b.  Precipitation,  § 26 

a.  Separation  of  precipitates  by  decantation,  § 27 
ß.  Separation  of  precipitates  by  filtration,  § 28  ... 
aa.  Filtering  apparatus,  §28 

bb.  Rules  to  be  observed  in  the  process  of  filtration,  § 29 
cc.  Washing  of  precipitates,  § 30  ... 

Separation  of  precipitates  by  decantation  and  filtration  com- 
bined,  § 31 

Further  treatment  of  precipitates  preparatory  to  weigh- 
ing, § 32 

A.  Drying  of  precipitates,  § 33 

B.  Heating  precipitates  to  redness,  § 34... 

First  method,  § 35 

Second  method,  § 36 

5.  Analysis  by  measure,  § 37 


PAGE 

39 

40 

41 
41 
44 
46 

46 

47 

50 

51 
54 

56 

57 

58 
58 
61 
62 

65 

66 
66 
68 

70 

71 

72 


SECTION  II. 


Reagents,  § 38  ...  ...  ...  ...  ...  75 

A.  Reagents  in  the  humid  way  ...  ...  ...  ...  75 

I.  General  reagents  ...  ...  ...  •••  ...  75 

a.  Reagents  used  mostly  as  simple  solvents,  § 39  ...  ...  75 

b.  Reagents  mostly  used  as  chemical  solvents,  § 40  ...  76 

c.  Reagents  for  separating  substances  into  groups,  § 41  ...  77 

II.  Special  reagents  in  the  humid  way. 

a.  Reagents  used  to  distinguish  certain  bases,  § 42  ...  81 

b.  Reagents  used  to  distinguish  certain  acids,  § 43  ...  82 

B.  Reagents  in  the  dry  way,  § 44  ...  ...  ...  ...  83 

C.  Reagents  used  in  organic  analysis,  § 45  ...  ...  ...  84 


CONTENTS. 


IX 


SECTION  III. 

PAUK 

Forms  and  combinations  in  which  substances  are  separated  from 

eacli  otker,  or  weighed,  § 46  ...  ...  ...  ...  88 

A.  Bases,  § 47. 

FIRST  GROUP. 

1.  Potassa,  § 47  ...  ...  ...  ...  ...  90 

2.  Soda,  § 48  ...  ...  ...  ...  ...  92 

3.  Ammonia,  § 49  ...  ...  ...  ...  ...  94 

SECOND  GROUP. 

1.  Baryta,  § 50  ...  ...  ...  ...  ...  ^5 

2.  Strontia,  § 51  ...  ...  ...  ...  ...  96 

3.  Lime,  § 52  ...  ...  ...  ...  ...  97 

4.  Magnesia,  § 53  ...  ...  ...  ...  ...  99 

TH1RD  GROUP 

1.  Alumina,  § 54  ...  ...  ...  ...  ...  101 

2.  Sesquioxide  of  chromium,  § 55  ...  ...  ...  102 

FOURTH  GROUP. 

1.  Oxide  of  zinc,  §56  ...  ...  ...  ...  ...  102 

2.  Protoxide  of  manganese,  § 57  ...  ...  ...  104 

3.  Protoxide  of  nickel,  § 58  ...  ...  ...  ...  106 

4.  Protoxide  of  cobalt,  § 59  ...  ...  ...  ...  106 

5.  Protoxide,  and  6,  Sesquioxide  of  iron,  § 60  ...  ...  108 

FIFTH  GROUP. 

1.  Oxide  of  silver,  § 61  ...  ...  ...  ...  109 

2.  Protoxide  of  lead,  § 62  ...  ...  ...  ...  m 

3.  Suboxide,  and  4,  oxide  of  mercury,  § 63  ...  ...  113 

5.  Protoxide  of  copper,  § 64  ...  ...  ...  ...  115 

6.  Teroxide  of  bismuth,  § 65  ...  ...  ...  ...  117 

7.  Oxide  of  cadmium,  §66  ...  ...  ...  ...  ug 

SIXTH  GROUP. 

1.  Teroxide  of  gold,  § 67  ...  ...  ...  ...  119 

2.  Binoxide  of  platinum,  § 68  ...  ...  ...  ..  119 

3.  Teroxide  of  antimony,  § 69  ...  ...  ...  ...  120 

4.  Protoxide  of  tin.  o.  Binoxide  of  tin,  § 70  ...  ...  122 

6.  Arsenious  acid.  7.  Arsenic  acid,  § 71  ...  ...  ...  123 


X 


CONTENTS. 


PAGK 

B.  Acids. 

FIRST  GROUP,  § 7 2 ...  ...  ...  ...  125 

SECOND  GROUP,  § 73  ...  ...  ...  ...  130 

THIRD  GRQUP,  § 74  ...  ...  ...  ...  ] ß2 

SECTION  IV. 


Quantitative  determination  of  substances,  § 75  ...  ...  133 

I.  Estimation  of  the  bases,  § 76  ...  ...  ...  ...  135 

FIRST  GROUP. 

1.  Potassa,  § 76  ...  ...  ...  ...  ...  135 

2.  Soda,  § 77  ...  ...  ...  ...  ...  138 

3.  Ammonia,  § 78  ...  ...  ...  ...  ...  140 

SECOND  GROUP. 

1.  Baryta,  § 79  ...  ...  ...  ...  ...  144 

2.  Strontia,  § 80  ...  ...  ...  ...  ...  146 

3.  Lime,  § 81  ...  ...  ...  ...  ...  148 

4.  Magnesia,  § 82  ...  ...  ...  ...  ...  151 

THIRD  GROUP. 

1.  Alumina,  § 83  ...  ...  ...  ...  ...  154 

2.  Sesquioxide  of  chromium,  § 84  ...  ...  ...  156 


FOURTH  GROUP. 

1 . Oxide  of  zinc,  § 85 

2.  Protoxide  of  manganese,  § 86 

3.  Protoxide  of  nickel,  § 87 

4.  Protoxide  of  cobalt,  § 88 

5.  Protoxide  ofiron,  § 89 

6.  Sesquioxide  of  iron,  § 90 


FIFTH  GROUP. 

1.  Oxide  of  silver,  § 91  ...  ...  ...  ...  17g 

2.  Oxide  of  lead,  § 92  ...  ..  ...  ...  133 

3.  Suboxide  of  mercury,  § 93  ...  ...  ...  ...  19Q 

4.  Oxide  of  mercury,  § 94  ...  ...  ...  ...  iqq 

5.  Oxide  of  copper,  § 95  ...  ...  ...  ...  195 

6.  Teroxide  of  bismuth,  § 96  ...  ...  ...  ...  201 

7.  Oxide  of  cadmium,  § 97  ...  ...  ...  ...  202 


160 

163 

165 

167 


CONTENTS. 


SIXTH  GROUP. 

1.  Teroxide  of  gold,  § 98 

2.  Binoxide  of  platinum,  § 99 

3.  Teroxide  of  antimony,  § 100 

4.  Protoxide  of  tin.  5.  Binoxide  of  tin,  § 101 
6.  Arsenious  acid.  7.  Arsenic  acid,  § 102 

II.  Estimation  of  the  acids 

FIRST  GROUP. 

1.  Arsenious  and  arsenic  acids,  § 103 

2.  Chromic  acid,  § 104 

3.  Sulphuric  acid,  § 105 

4.  Phosphoric  acid,  § 106 

5.  Boracic  acid,  § 107 

6.  Oxalic  acid,  § 108 

7.  Hydrofluoric  acid,  § 109 

8.  Carbonic  acid,  § 110 

9.  Silicic  acid,  § 111  ... 

SECOND  GROUP. 

1.  Hydrocbloric  acid,  § 112 

2.  Hydrobromic  acid,  § 113 

3.  Hydriodic  acid,  § 114 

4.  Hydrocyanic  acid,  § 115 

5.  Hydrosulphuric  acid,  § 116  ... 

THIRD  GROUP. 

1.  Nitric  acid,  §117  ... 

2.  Chloric  acid,  § 118  ... 


SECTION  V. 

Separation  of  bodies,  § 119 

-I.  Separation  of  bases  from  each  other. 

FIRST  GROUP.  A 0 , 1 

I.  Separation  of  the  alkalies  from  each  other,  § 120 

SECOND  GROUP. 

I.  Separation  of  the  oxides  of  the  second  group  from  those  ofthe 
first,  § 121 

II.  Separation  of  the  oxides  of  the  second  group  from  each 
other,  § 122 


xi 

PAGE 

203 

205 

207 

210 

214 

218 


218 

219 

222 

225 

235 

237 

239 

240 
245 


250 

255 

257 

265 

268 


274 

276 


278 


280 


283 

287 


Xll 


CONTENTS. 


Qfn  .t;  t)  < 

THIRD  GROUP. 

I.  Separation  of  the  oxides  of  the  third  group  from  the  alkalies, 

§ 123  

II.  Separation  of  the  oxides  of  the  third  group  from  the  alkaline 
earths,  § 124  ...  ...  ...  . ... 

III.  Separation  of  the  oxides  of  the  third  group  from  each  other, 


§ 125  

n > 1 . ' 

FOURTH  GROUP.  ) 1/1  j 


xz  . 


I.  Separation  of  the  oxides  of  the  fourth  group  from  the  alkalies, 

§ 126 

II.  Separation  of  the  oxides  of  the  fourth  group  from  the  alkaline 
earths,  § 127 

III.  Separation  of  the  oxides  of  the  fourth  group  from  those  of 

the  third  and  from  each  other,  § 128  ... 

IV.  Separation  of  sesquioxide  of  iron,  alumina,  protoxide  of  man- 

ganese,  lime,  magnesia,  potassa,  and  soda,  § 129 

GROUP.  ,Ö6 tu 


FIFTH 


I.  Separation  of  the  oxides  of  the  fifth  group  from  those  of  the 
pveceding  four  groups,  § 130 

II.  Separation  of  the  oxides  of  the  fifth  group  from  each  other, 
§ 131  ... 

• * * • a ' yy  o'  y‘  " ’ 

SIXTH  GROUP.  C lu  I ^T.  c' 1u  ) Qs  f 

I.  Separation  of  the  oxides  of  the  sixth  group  from  those  of  the 
first  fixe  groups,  § 132 

II.  Separation  ol  the  oxides  of  the  sixth  group  from  each  other, 

§ 133 


II.  Separation  of  the  acids  from  each  other. 

1 • .,.•••  .V  - _ • • • > • 

FIRST  GROUP,  ftj,  Q.S , (n  , Ö,  H 

Separation  of  the  acids  of  the  first  group  from  each  other, 
§ 134  ... 

SECOND  GROUP.  Htejok,  Hl,  HCl, HS, 

I.  Separation  of  the  acids  of  the  second  group  from  those  of  the 
first,  § 135 

Appendix — analysis  of  compounds  containing  sulphides  of  the 
alkali  inetals,  carbonates,  sulphates,  and  hyposulphites, 
§ 136 

11.  Separation  of  the  acids  of  tlic  second  group  from  each  other, 
§ 137  ... 


I'AÖK 

289 

289 

293 

293 

294 
298 
312 

315 

318 

324 

331 

336 

341 

343 

344 


CONTENTS. 


XIII 


THIRD  GROUP.  ^ ÖT , Jl. 

I.  Separation  of  the  acids  of  tlie  third  group  from  those  of  the 
two  first  groups,  § 138 

II.  Separation  of  the  acids  of  the  third  group  from  each  other, 
§ 138  ... 


SECTION  VI. 

Organic  elementary  analysis,  § 139 

I.  Qualitative  examination  of  organic  bodies,  § 140 
II.  Organic  elementary  analysis,  § 140 ... 

A.  Analysis  of  compounds  containing  only  carbon  and 
hydrogen,  or  carbon,  hydrogen,  and  nitrogen,  § 141  . 

a.  Solid  bodies,  § 141 

a.  Readily  combustible  non-volatile  substances,  § 141 

I.  Apparatus  and  preparations  necessary  for  organic  elemen- 

tary analysis,  § 142 

II.  Performance  of  the  analytical  process,  § 143  ... 

Bunsen’s  modification  of  the  process,  § 144 

ß.  Ditficultly  combustible  non-volatile  substances, 
§ 144  

1.  Combustion  with  chromate  of  lead,  § 145 

2.  Combustion  witli  oxide  of  copper  and  chlorate  or  perchlorate 

of  potassa,  § 146  ... 

3.  Combustion  with  oxide  of  copper  and  oxvgen  gas,  § 14/ 

y.  Substances  that  are  volatile,  or  alterable  by  heat, 
§ 148  

b.  Fluid  bodies 

a.  Volatile  fluids,  § 149 
ß.  Non-volatile  fluids,  § 150 

B.  Analysis  of  organic  bodies  containing  nitrogen 

a.  Determination  of  the  carbon  and  hydrogen  in  nitro- 
genous  substances,  § 1 5 1 

I.  Qualitative  method  (Liebig’s),  § 152 

II.  Quantitative  method  (Dumas’),  § 153 

b.  Determination  of  the  nitrogen  by  weight,  § 154 

C.  Analysis  of  organic  compounds  containing  sulphur, 
§ 156 

D.  Determination  of  phosphorus  in  organic  compounds, 

§ 157 

E.  Analysis  of  organic  compounds  containing  chlorine, 

§ 158 


PAGK 


348 

349 


349 

352 

354 

354 

355 
355 

355 

360 

365 

368 

368 

369 

370 

372 

373 
373 

375 

376 

377 

378 
381 
383 

389 

392 


393 


XIV 


CONTENTS. 


F.  Analysis  of  organic  Compounds  containing  inorganic 
bodies,  §159 

III.  Determination  of  tlie  atomic  weight  of  organic  Compounds, 
§ 150 

1.  By  their  combining  proportions  with  other  bodies,  § 1 60 

2.  By  the  density  of  their  vapors,  § 161 

3.  By  their  products  of  decomposition,  § 162 

DIVISION  II. 

Calculation  of  analyses,  § 163 

I.  Calculation  of  the  constituent  sought  from  the  compound 
produced,  and  exhibition  of  the  percentage  results,  § 
164 

1 . When  the  substance  sought  has  been  separated  in  the  free  state, 

§165  ...  ...  ...  ...  ...  ... 

a.  Solid  substances,  fluids,  or  gases,  which  have  been 
determined  by  weight,  § 165 

b.  Gases  which  have  been  measured,  § 166 

2.  When  the  substance  sought  for  has  been  separated  in  com- 

bination  with  another,  §167 

3.  Calculation  of  indirect  analyses,  § 168  ... 

Appendix  to  I. — Mean  value,  deficiency,  and  surplus, 
§ 169 

II.  Deduction  of  empirical  formulse,  § 170 

III.  Deduction  of  rational  formulse,  § 171 

IV.  Calculation  of  the  density  of  vapors,  § 172 


PART  II. 

SPECIAL  PART. 

I.  Analysis  of  the  water  of  rivers,  wells,  &c.,  § 173  ... 

II.  Analysis  of  mineral  waters,  § 174 

1.  Performance  of  the  analytical  process 

A.  Operations  and  experiments  at  the  source,  § 175  ... 

B.  Operations  and  experiments  in  the  laboratory,  § 1 77 


PAGE 

394 

395 
395 
397 
400 


401 


401 

402 

402 

402 

406 

409 

411 

413 

416 

499 


429 

432 

433 
433 
439 


CONTENTS. 


XV 


I.  Qualitative  analysis,  § 1 77  ... 

II.  Quantitative  analysis,  § 177 

1.  Modifications  required  by  the  presence  of  a fixed 

alkaline  carbonate,  § 178 

Analysis  of  sulphuretted  waters,  § 179 

2.  Calculation,  control,  and  arrangement  of  the  results 

of  analysis  in  mineral  waters,  § 180  ... 

Analysis  of  technical  products  and  minerals,  § 181 

1 . Determination  of  the  amount  of  anhydrous  acid  contained  in 

an  acid  (aeidimetry) 

A.  Estimation  of  the  acid  frora  the  specific  gravity, 

§ 181 

B.  Determination  of  the  acid  by  Saturation  with  an  alkaline 

fluid  ofknown  strength,  § 182... 

C.  Estimation  by  weighing  the  carbonate  acid  expelled  by 

a stronger  acid  from  a solution  of  bicarbonate  of  soda, 
§ 183 

2.  Alkalimetry 

A.  Estimation  of  potassa,  soda,  or  ammonia,  from  the 

density  of  their  Solutions 

B.  Estimation  of  the  amount  of  caustic  or  carbonated 

alkali  in  commercial  alkalies 
I.  Method  of  Descroizilles  and  Gay-Lussac,  § 185 
Modification  proposed  by  Mohr,  § 18G  ... 

II.  Fresenius  and  Will’s  method,  § 187 

C.  Estimation  of  caustic  alkali  in  thepresenceof  carbonates, 

§ 188 

3.  Chlorimetry,  § 189  ... 

4.  Determination  of  the  amount  of  binoxide  in  manganese  ores, 

§ 195  ... 

A.  Fresenius  and  Will’s  method,  § 195 

B.  Bunsen’s  method,  § 196 

C.  Method  by  means  of  iron,  § 197 

5.  Examination  of  the  yellow  and  red  prussiate  of  potash,  § 198 

6.  Analysis  of  common  salt,  §199 

7.  Analysis  of  gunpowder,  § 200  ... 

8.  Analysis  of  mixed  silicates,  § 201 

9.  Analysis  of  clays,  § 202 

10.  Analysis  of  limestones?  dolomites,  marls,  &c. 

A.  Method  of  complete  analysis,  § 203 

B.  Determination  of  carbonate  of  lime  by  measure,  § 204 

11.  Analysis  of  iron  ores 


PAGE 

439 

439 

449 

452 

452 

451 

458 

458 

461 


464 

465 


465 


467 

467 

471 

472 


474 

475 


481 

482 
484 

486 

487 

489 

490 

492 

493 

494 

495 
495 
497 


XVI 


CONTENTS. 


PAGE 

A.  Methods  of  complete  analysis  of  the  ores,  § 205  ...  497 

B.  Determination  of  the  iron  by  analysis  by  measure, 

§ 200  ...  ...  ...  ...  ...  501 

12.  Copper  pyrites,  analysis  of,  § 207  ...  ...  ...  502 

13.  Galena,  analysis  of,  § 208  ...  ...  ...  ...  503 

14.  Zinc  ores,  analysis  of,  § 209  ...  ...  ...  ...  504 

Appendix, — Determination  of  sugars,  starch,  and  dextrine  ...  505 

A.  Method  by  sulphate  of  copper,  § 210  ...  ...  500 

B.  Method  by  alcoholic  fermentation,  § 21 1 ...  ...  510 

III.  Analysis  of  the  ashes  of  plants,  § 212...  ...  ...  512 

A.  Preparation  of  the  ash,  §213  ...  ...  ...  514 

B.  Analysis  of  the  ash,  §214  ...  ...  ...  517 

n.  Qualitative  analysis,  §214  ...  ...  ...  518 

b.  Quantitative  analysis,  §215  ...  ...  ...  519 

C.  Calculation  and  Statement  of  the  results,  § 218  ...  524 

D.  Calculation  of  the  amount  of  each  constituent  of  the 

ash  contained  in  100  parts  of  the  plant,  § 219  ...  526 

IV.  Analysis  of  soils,  § 220  ...  ...  ...  ...  527 

A.  The  analytical  process,  § 221  ...  ...  ...  529 

B.  Arrangement  of  the  results,  § 222  ...  ...  533 

V.  Analysis  of  manures,  § 223  ...  ...  ...  ...  536 

A.  General  methods,  § 224  ...  ...  ...  536 

B.  Analysis  of  guano,  § 225  ...  ...  ...  538 

VI.  Analysis  of  atmospheric  air,  § 226  ...  ...  ...  539 

A.  Determination  of  the  water  and  carbonic  acid,  § 22 7 ...  540 

B.  Determination  of  the  nitrogen  and  oxygen  ...  ...  542 

I.  Liebig's  method,  § 228  ...  ...  ...  542 

II.  Method  by  means  of  copper,  § 229  ...  ...  544 


PART  III. 

Exercises  for  practice  ...  ...  ...  ...  ...  549 


APPENDIX. 

I.  Analytical  notes  ...  ...  ...  ...  569 

II.  Tables  for  the  calculation  of  analyses  ...  ...  594 


INTRODU  CTION. 


In  my  treatise  entitled,  “ Elementary  Instruction  in  Qualitative  Chemical 
Analysis,”  I have  stated  that  analytical  Chemistry  comprehends  two 
branches,  viz.,  “ qualitative  analysis  ” and  “ quantitative  analysis”  and 
that  the  object  of  the  former  is  to  ascertain  the  individual  kind , and  nature, 
that  of  the  latter  to  determine  the  absolute  and  relative  quantity , or  pro- 
portion of  the  several  component  parts  of  any  given  compound. 

By  qualitative  analysis  we  convert  the  unknown  constituents  of  a 
given  compound  into  certain  forms  or  combinations,  with  the  properties  of 
which  we  are  acquainted  ; and  we  are  thus  enabled  to  draw  correct  in- 
ferences  respecting  the  nature  of  every  individual  constituent  of  the  com- 
pound in  question. 

Quantitative  analysis  has,  as  a general  rule,*  for  its  object  to 
convert  the  known  constituents  of  a given  compound  into  such  forms,  or 
combinations  as  will  admit  of  the  most  exact  determination  of  their 
weight,  and  of  which,  moreover,  the  relative,  and  combining  proportions 
are  accurately  known.  These  new  forms,  or  combinations  may  be  either 
educts  from  the  analysed  compound,  or  mixture,  or  they  may  be  products. 
In  the  former  case  we  have  simply  to  weigh  the  eliminated  substance, 
since  its  ascertained  weight,  of  course,  supplies  at  once  the  direct  ex- 
pression  of  the  quantity,  or  proportion  in  which  it  existed  in  the  compound 
under  examination ; whilst  in  the  latter  case,  that  is,  when  we  have  to 
deal  with  products,  the  quantity,  or  proportion  in  which  the  eliminated 
constituent  was  originally  present  in  the  analysed  compound,  has  to  be 
deduced  by  calculation  from  the  proportion  in  which  it  exists  in  its  new 
combination. 

The  following  example  will  serve  to  illustrate  these  points : — Suppose 
we  wish  to  determine  the  proportional  amount  of  mercury  containcd  in  the 
chloride  of  that  metal ; now,  we  may  do  this,  either  by  precipitating 
the  metallic  mercury  from  the  solution  of  the  chloride,  by  means  of 
protochloride  of  tin ; or  we  may  attain  our  object  by  precipitating  the 
solution  of  chloride  of  mercury  by  sulpliuretted  hydrogen,  and  weigh - 

* Certain  exceptions  from  the  rule,  that  more  especially  in  indirect  estimations,  and  in 
estimations  by  measure,  will  be  treated  of  afterwards  separately. 
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ing  the  precipitated  sulphide  of  mercury.  100  parts  of  chloride  of 
mercury  consist  of  73*83  of  mercury  and  20*17  of  chlorine  ; consequently, 
the  precipitation  of  a solution  of  chloride  of  mercury  by  protochloride  of 
tin  will  yield  73*83  per  cent.  of  metallic  mercury,  which  may  be  verified 
by  simply  weighing  the  precipitated  metal.  The  precipitation  of  the  same 
amount  of  chloride  of  mercury,  by  means  of  sulphuretted  hydrogen,  yields 
85*638  of  sulphide  of  mercury. 

Now,  in  the  former  case  the  number  73*83  expresses  directly  the  pro- 
portion  of  mercury  contained  in  the  analysed  chloride;  in  the  latter 
case  we  have  to  deduce  tliis  proportion  by  calculation,  which  may  be 
accomplished  by  means  of  the  following  simple  equation  : — 100  parts  of 
sulphide  of  mercury  contain  86*213  parts  of  mercury ; liow  much  mercury 
do  85*638  parts  contain? 

100  : 86*213  : : 85*638  : x = 73*83. 

It  will  be  readily  understood  from  the  preceding  illustration,  that  all 
those  forms  and  combinations  into  which  the  known  constituents  of  a 
given  compound  are  to  be  converted  for  the  purpose  of  quantitative  esti- 
mation,  must  of  necessity,  in  the  first  place,  admit  of  most  accurate  weigh- 
ing (or  measuring),  and  that,  in  the  second  place,  their  composition  must 
be  correctly  known.  These  two  conditions  are  absolutelv  indispensable  ; 
for  it  is  quite  obvious,  on  the  one  hand,  that  accurate  quantitative  analysis 
must  be  altogether  impossible  if  the  substance,  the  quantity  of  which  it  is 
intended  to  ascertain,  does  not  admit  of  correct  weighing  or  measuring ; 
and,  on  the  other  hand,  it  is  equally  evident,  that  if  we  do  not  know  the 
exact  composition  of  a new  product,  we  lack  the  most  indispensable 
element  for  our  subsequent  deductions. 

To  this  brief  intimation  of  the  general  purport  and  object  of  quantitative 
analysis  and  the  general  mode  of  proceeding  in  analytical  researclies,  I 
have  to  add  that  certain  qualifications  are  essential  to  those  who  would 
devote  themselves  successfully  to  the  pursuit  of  this  important  branch  of 
the  Science  of  chemistry.  These  qualifications,  are,  1,  theoretical  know- 
ledge  ; 2,  skill  in  manipulation  ; and  3,  strict  conscientiousness. 

The  preliminary  theoretical  knowledge  required,  consists  in  an  acquaint- 
ance  with  the  qualitative  branch  of  analytical  chemistry;  together  witli 
some  practice  in  simple  arithmetic.  A previous  knowledge  of  qualitative 
analysis  enables  us  to  understand  all  the  various  methods  proposed  for 
isolating  substances  in  order  to  determine  their  weight ; whilst  practice  in 
simple  arithmetical  calculations,  enables  us  to  deduce  from  our  analytical 
results  the  composition  of  the  substance  examined,  in  equivalents,  and  to 
test  the  correctness  of  the  method  we  have  pursued.  To  this  knowledge 
must  be  joincd  the  ahility  of  performing  the  necessary  practical  operations. 
This  is  an  axiom  generally  applicable  in  all  practical  Sciences,  but  more 
particularly  in  quantitative  Chemical  analysis.  The  most  extensive  and 
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solid  theoretical  acquirements  will  not  enable  us,  for  instance,  to  determine 
the  amount  of  common  salt  present  in  a solution  of  that  substance,  if  we 
are  without  the  requisite  dexterity  to  transfer  a fluid  from  one  vessel  to 
another  without  the  smallest  loss.  The  various  operations  of  quantitative 
analysis  demand  great  aptitude  and  manual  skill,  which  can  be  acquired 
only  by  practice.  But  even  the  possession  of  the  greatest  practical  skill 
in  manipulation,  joined  to  a thorough  theoretical  knowledge,  will  still  prove 
insufficient  to  insure  a successful  pursuit  of  quantitative  researches,  unless 
combined  also  with  a sincere  love  of  trutli  and  a firm  determination  to 
accept  none  but  thoroughly  verified  and  confirmed  results. 

No  one  who  has  ever  been  engaged  in  quantitative  analysis  can  deny 
that  cases  will  sometimes  happen  in  which  doubts  may  be  entertained  as 
to  whether  the  results  of  the  Operation  are  correct,  or  even  where  the 
operator  is  positively  convinced  that  the  result  of  his  process  cannot  be 
correct.  Thus,  for  instance,  a small  portion  of  the  substance  under  in- 
vestigation  may  be  spilled,  or  some  of  it  lost  by  decrepitation ; or  the 
analyst  may  have  reason  to  doubt  the  accuracy  of  his  weighing  ; or  it  may 
happen  that  two  analyses  of  the  same  substance  do  not  exactly  agree.  In 
all  such  cases  it  is  indispensable  that  the  operator  should  be  conscientious 
enough  to  repeat  the  whole  process  over  again.  He  who  is  not  animated 
with  this  sincere  devotion  to  Science  and  is  afraid  of  encountering  labor 
and  difiiculties  in  the  pursuit  of  truth — he  who  would  be  satisfied  with 
mere  assumption  and  suppositions,  and  guess-work,  where  the  attainment 
of  positive  certainty  is  the  object,  must  be  pronounced  just  as  deficient  in 
the  necessary  qualifications  for  quantitative  analytical  researches,  as  he  who 
is  wanting  in  theoretical  knowledge  or  in  practical  skill.  He,  therefore, 
who  cannot  firmly  and  fully  rely  upon  the  accuracy  of  his  operations  and 
labors — he  who  cannot  swear  to  the  correctness  of  his  results,  may  indeed 
occupy  himself  with  quantitative  analysis  for  his  own  private  amusement, 
but  he  ouglit  never  to  publisli  as  correct  and  positive  the  results  of  his 
operations  and  researches,  since  such  a proceeding  might  be  eminently 
injurious  to  others,  by  misleading  them,  and  might,  in  the  end,  even  prove 
greatly  detrimental  to  the  interests  of  true  Science ; nor  would  it  be 
prudent  for  him  to  apply  such  results  to  any  practical  purpose  of  his  own, 
since  this  would  be  sure  to  turn  out  very  little  advantageous  to  himself. 

The  domain  of  quantitative  analysis  may  be  said  to  extend  over  all 
matter,  that  is,  in  other  words,  anything  corporeal  may  become  the  object 
of  quantitative  investigation.  The  present  work,  however,  is  intended  to 
embrace  only  the  substances  used  in  pharmacy,  arts,  trades,  agriculturc, 
and  manufactures. 

Quantitative  analysis  may  be  subdivided  into  two  branches,  viz.,  analysis 
of  mixtures,  and  analysis  of  Chemical  compounds.  This  division  may 
appear  at  first  sight  of  very  small  moment,  yet  it  is  necessary  that.  we 
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sliould  establisli,  and  maintain  it,  if  we  would  form  a clear  conception  of 
the  value  and  utility  of  quantitative  research.  The  quantitative  analysis 
of  mixtures  bas  not  the  saine  aim  as  that  of  Chemical  Compounds  ; and  the 
method  applied  to  secure  the  correctness  of  the  results  in  the  former  case 
is  different  from  that  adopted  in  the  latter.  The  quantitative  analysis 
of  chemical  compounds  ratlier  subserves  the  theoretical  purposes  of 
Science,  whilst  that  of  mixtures  belongs  to  the  practical  purposes  of  life. 
If,  for  instance,  I analyse  the  salt  of  an  acid,  the  result  of  the  analysis 
will  give  me  the  Constitution  of  that  acid,  its  combining  proportion, 
saturating  capacity,  &c.  &c. ; or,  in  other  words,  the  results  obtained  will 
enable  me  to  answer  a series  of  questions,  the  solution  of  wliicli  is  im- 
portant for  the  theory  of  chemical  Science  : but  if,  on  the  other  hand,  I 
analyse  gunpowder,  alloys  of  metals,  medicinal  mixtures,  ashes  of  plants, 
&c.  &c.,  I liave  a very  different  object  in  view ; I do  not  want  in  such 
cases  to  apply  the  results  which  I may  obtain  to  the  solution  of  any 
theoretical  question  in  chemistry,  but  I want  to  render  a practical  Service 
either  to  the  arts,  trades,  or  manufactures,  or  to  some  other  Science.  If 
in  the  analysis  of  a chemical  compound,  I wish  to  control  the  results 
obtained,  I may  do  tliis  in  most  cases  by  means  of  calculations  based  on 
stcechiometric  data,  but  in  the  case  of  a mixture  a second  analysis  is 
necessary  to  eonfirm  the  correctness  of  the  results  afforded  by  the  first. 

The  preceding  remarks  clearly  show  the  immense  importance  of  quan- 
titative analysis.  It  may,  indeed,  be  averred  that  chemistry  owes  to  this 
branch  its  elevation  to  the  rank  of  a Science,  since  quantitative  researches 
have  led  us  to  discover  an  determine  the  laws  which  govern  the  combina- 
tions  and  transpositions  of  the  elements.  Stoechiometry  is  entirely  based 
upon  the  results  of  quantitative  investigations  ; all  rational  views  respecting 
the  Constitution  of  compounds  rest  upon  them  as  the  only  safe  and  solid 
basis. 

Quantitative  analysis,  therefore,  forms  the  strongest,  and  most  powerful 
lever  for  chemistry  as  a science,  and  not  less  so  for  chemistry  in  its  appli- 
cations  to  the  practical  purposes  of  life,  to  trades,  arts,  manufactures,  and 
likewise  in  its  application  to  other  Sciences.  It  teaches  the  mineralogist 
the  true  nature  of  minerals,  and  suggests  to  him  principles  and  rules  for 
their  reco°-nition  and  Classification.  It  is  an  indispensable  auxiliary  to  the 
physiologist ; and  no  one  can  deny  that  agriculture  has  derived  of  late, 
and  will  continue  to  derive,  incalculable  benefit  from  it.  We  need  not 
expatiate  here  upon  the  advantages  which  medicine,  pharmacy,  and  every 
branch  of  industry  derive,  either  directly,  or  indirectly,  from  the  practical 
application  of  its  results.  On  the  other  hand,  the  benefit  thus  bestowed 
by  quantitative  analysis  upon  the  various  Sciences,  arts,  &c.,  has  been  in 
some  measure  reciprocated  by  some  of  them.  Thus,  whilst  stoechiometry 
owes  its  establishment  to  quantitative  analysis,  the  stocchiometrical  laws 
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afford  us  the  means  of  Controlling  the  results  of  our  analyses  so  accurately 
as  to  insure  their  correctness,  and  to  justify  the  reliance  wliich  we  now 
generally  place  on  them.  Again,  whilst  quantitative  analysis  has  advanced, 
and  continues  to  advance,  tlie  progress  of  arts,  and  industry,  our  manufac- 
tures  in  return  supply  us  with  the  most  perfect  platinum,  glass,  and 
porcclain-vessels,  without  wliich  it  would  be  next  to  impossible  to  conduct 
our  analytical  operations  with  the  minuteness  and  accuracy  to  wliich  we 
have  now  attained. 

Although  the  aid  wliich  quantitative  analysis  thus  derives  from 
stocchiometry,  the  arts  and  manufactures  greatly  facilitate  its  practice, 
it  must  be  admitted  that  the  pursuit  of  this  brauch  of  chemistry  to 
any  satisfactory  purpose,  requires  notwitlistanding  considerable  expendi- 
ture  of  time.  I would  therefore  advise  every  one  desirous  of  becoming  an 
analytical  chemist,  to  arm  himself  with  a considerable  share  of  patieuce, 
reminding  him  that  it  is  not  at  one  bound,  but  gradually,  and  step  by 
step,  that  the  student  may  liope  to  attain  to  that  skill  and  precision  in  his 
operations,  that  may  justify  reliance  upon  the  correctness  of  his  results. 
Ilowever  mechanical,  protracted,  and  tedious  the  operations  of  quantitative 
analysis  may  appear  to  be,  the  attainment  of  accuracy  will  amply  compen- 
sate  for  the  time  and  labor  bestowed  upon  them;  whilst,  on  the  other 
hand,  nothing  can  be  more  disagreeable  than  to  find,  after  a long  and 
laborious  process,  that  our  results  are  incorrect  or  uncertain.  Let  him, 
therefore,  who  would  render  the  study  of  quantitative  analysis  agreeable 
to  himself,  from  the  very  outset  endeavour,  by  strict,  nay,  scrupulous 
adherence  to  the  rules  and  conditions  of  this  Science,  to  attain  to  correct 
results,  at  any  sacrifice  of  time.  There  cannot  be  a better,  and  more 
immediate  reward  of  labor  than  that  wliich  springs  from  the  attainment 
of  accurate  results,  and  perfectly  corresponding  analyses.  The  satisfaction 
enjoyed  at  the  success  of  our  efforts  is  surely  in  itself  a sufficient  motive 
for  the  necessary  expenditure  of  time  and  labor,  even  without  looking  to 
the  practical  benefits  whicli  we  may  derive  from  our  operations. 

The  following  are  the  substances  treated  of  in  this  work. 


I.  Metalloids. 

Oxygen,  Hydrogen,  Sulphur,  Phosphorits,  Chlorine,  lodine,  Bromine, 
Fluorine,  Nitrogen,  Boron,  Silicon,  Carbon. 

II.  Metals. 

Potassium,  Sodium,  Barium,  Strontium,  Calcium,  Magnesium,  Alumi- 
nium, Munganese,  Iron,  Nickel,  Cobalt,  Zinc,  Cadmium,  Bismuth,  Tin, 
Copper,  Lead,  Silver,  Gold,  Platinuni,  Mercury,  Chromium,  Antimony, 
Arsenic. 
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I have  divided  my  subject  into  three  parts.  In  the  first,  I treat  of 
quantitative  analysis  generally  ; describing,  Ist,  themethods  of  performing 
analytical  operations  and  processes ; and,  2nd,  the  calculation  of  tlie 
results  obtained.  In  the  second,  I give  a detailed  description  of  several 
special  analytical  processes.  And  in  the  third,  a number  of  carefully 
selected  examples,  which  may  serve  as  exercises  for  the  ground  work  of 
the  study  of  quantitative  analysis. 

The  following  table  will  afford  the  reader  a clear  and  definite  notion  of 
the  contents  of  the  whole  work. 

I.  GENERAL  PART. 

A DESCRIPTION  OF  THE  ANALYTICAL  METHODS  AND  PROCESSES. 

1.  Operations. 

2.  Reagents. 

3.  Forms  and  combinations  in  which  substances  are  separated  from 
others,  or  in  which  their  weight  is  determined. 

4.  Determination  of  the  weight  of  substances  in  simple  compounds. 

5.  Separation  of  substances. 

G.  Organic  elementary  analysis. 

B — CALCULATION  OF  THE  RESULTS. 

II.  SPECIAL  PART. 

1 . Analysis  of  natural  springs,  and  more  especially  of  mineral  waters. 

2.  Analysis  of  such  minerals,  and  technical  products  as  are  inost  fre- 
quently  brought  under  the  notice  of  the  chemist,  for  the  purpose  of 
examination including  assaying,  and  other  processes,  to  ascertain  the 
commercial  value  of  certain  minerals,  &c. 

3.  Analysis  of  the  ashes  of  plants. 

4.  Analysis  of  soils. 

5.  Analysis  of  manures. 

6.  Analysis  of  the  atmospheric  air. 

III.  EXERCISES  FOR  PRACTICE. 

APPENDIX. 

1 . Analytical  notes  and  expcriments. 

2.  Tables  for  the  calculation  of  analytical  results. 
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SECTION  I. 

ON  THE  METIIODS  OF  PERFORMING  ANALYTICAL 

PROCESSES. 


CHAPTER  I. 

OPERATIONS. 

§ 1. 

Most  of  the  operations  performed  in  quantitative  research  are  the  same 
as  in  qualitative  analysis,  and  have  been  accordingly  described  in  my  work 
on  that  branch  of  analytical  Science.  With  respect  to  sucli  operations  I 
shall,  therefore,  confine  myself  here  to  pointing  out  any  modifications  thcy 
may  requirc  to  adapt  tbem  for  application  in  the  quantitative  brauch ; but 
I shall,  of  course,  give  a full  description  of  such  as  are  resorted  to 
exclusively  in  quantitative  investigations.  Operations  forming  merely 
part  of  certain  specific  processes  will  be  found  described  iu  the  proper 
place,  uuder  the  head  of  such  processes. 

§ 2. 

The  quantity  of  solids,  and  generally  also  that  of  fluids,  is  determined 
by  weight ; the  quantity  of  gases,  and  sometimes  of  fluids  by  measure  ; upon 
the  care  and  accuracy  writh  which  these  operations  are  performed,  depends 
the  value  of  all  our  results ; I shall  therefore  dwell  mmutely  upon  them. 
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§ 3. 

WEIGHING. 

To  enable  us  to  determine  with  precision  the  correct  weight  of  a 
substance,  it  is  indispensable  tbat  we  should  possess,  Ist,  agood  Balance, 
and  2nd,  perfectly  accurate  weigiits. 

a.  THE  BALANCE. 

There  are  several  points  respecting  tbe  construction  and  properties  of  a 
good  balance,  which  it  is  absolutely  necessary  for  every  chemist  to  under- 
stand.  The  usefulness  of  this  indispensable  instrument  of  quantitative 
cliemistry  depends  upon  two  points;  Ist,  its  accuracy,  and  2nd,  its 
sensibility,  or  delicacy. 

§ 4. 

The  accuracy  of  a balance  depends  upon  the  following  conditions  : — 

a.  The  fulcrum  must  he  placed  above  the  centre  of  gravity  of  the  beam. 

This  is  a condition  essential  to  every  balance.  If  the  fulcrum  were 
placed  in  the  centre  of  gravity  of  the  beam,  it  would  not  oscillate,  but 
remain  in  any  position  in  which  it  is  placed,  assuming  the  scales  to  be 
equally  loaded.  If  the  fulcrum  be  placed  below  the  centre  of  gravity  of 
the  beam,  the  balance  will  be  overset  by  the  slightest  impulse. 

When  the  fulcrum  is  above  the  centre  of  gravity  of  the  beam  the  balance 
represents  a pendulum,  tbe  length  of  which  is  equal  to  tliat  of  the  line 
uniting  the  fulcrum  with  the  centre  of  gravity,  and  this  line  forms  right 
angles  with  the  beam  in  whatever  position  the  latter  may  be  placed.  Now 
if  we  impart  an  impetus  to  a ball  suspended  by  a thread,  tbe  ball,  after 
having  terminated  its  vibrations,  will  invariably  fall  back  into  its  original 
perpendicular  position  under  the  point  of  Suspension.  It  is  the  same  with 
a properly  adjusted  balance — impart  an  impetus  to  it,  and  it  will  oscillate 
for  some  time,  but  it  will  invariably  return  to  its  original  position  ; in 
other  words,  its  centre  of  gravity  will  finally  fall  back  into  its  perpendicular 
position  under  the  fulcrum,  and  the  beam  must  consequently  reassume  the 
horizontal  position. 

But  to  judge  correctly  of  the  force  with  which  this  is  accomplished,  and 
the  velocity  of  the  oscillations  of  a balance,  it  must  be  borne  in  mind  tliat 
a balance  is  not  a simple  pendulum,  but  a compound  one,  i.  e.,  a pendulum 
in  which  not  one,  but  many  material  points  move  round  the  turning  point, 
or  pole.  The  inert  mass  to  be  moved  is  accordingly  equal  to  the  sum  of 
these  points,  and  the  moving  force  is  equal  to  the  excess  of  the  material 
points  below,  over  those  above  the  fulcrum. 

ß.  The  Suspension  points  of  the  scales  must  be  on  an  exact  level  with 
the  fulcrum.  If  the  fulcrum  be  placed  below  tlie  line  adjoining  the  points 
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of  Suspension,  increased  loading  of  the  scales  will  continually  tend  to  raise 
the  centre  of  gravity  of  the  wliole  System,  so  as  to  bring  it  nearer  and 
nearer  the  fulcrum  ; the  weight  which  presses  upon  the  scales,  combining 
in  the  relatively  high-placed  points  of  Suspension ; — at  last,  when  the 
scales  have  heen  loaded  to  a certain  degree,  the  centre  of  gravity  will  shift 
altogetlier  to  the  fulcrum,  and  the  balance  will  consequently  cease  to 
vibrate — any  further  addition  of  weight  will  finally  cause  the  beam  to 
overset  by  placing  the  centre  of  gravity  above  the  fulcrum.  If,  on  the 
other  hand,  the  fulcrum  be  placed  above  the  line  joining  the  points  of 
Suspension,  the  centre  of  gravity  will  become  more  and  more  depressed  in 
Proportion  as  the  loading  of  the  scales  is  increased ; the  line  of  the 
pendulum  will  consequently  be  lengtliened,  and  a greater  force  will  be 
required  to  produce  an  equal  turn ; in  other  words,  the  balance  will  grow 
the  less  sensible  the  greater  the’load.  But  when  the  three  edges  are  placed 
on  a level  with  each  other,  increased  loading  of  the  scales  will,  indeed, 
continually  tend  to  raise  the  centre  of  gravity  towards  the  fulcrum,  but  the 
former  can  in  this  case  never  entirely  reach  the  latter,  and  consequently 
the  balance  will  never  altogether  cease  to  vibrate  upon  the  further  addition 
of  weight,  nor  will  its  sensibility  be  lessened  ; on  the  contrary,  a greater 
degree  of  sensibility  is  imparted  to  it.  This  increase  of  sensibility  is, 
however,  compensated  for  by  other  circumstances. 

y.  The  beam  must  be  sufliciently  strong  and  inflexible  to  bear  without 
bending  the  greatest  weight  that  the  construction  of  the  balance  admits 
of ; since  the  bending  of  the  beam  would  of  course  depress  the  points 
of  Suspension  so  as  to  place  them  below  the  line  of  the  fulcrum,  and 
this  would,  as  we  have  just  seen,  tend  to  diminish  the  sensibility  of  the 
balance  in  proportion  to  the  increase  of  the  load.  It  is  therefore  neces- 
sary  to  avoid  this  fault  by  a proper  construction  of  the  beam.  The  form 
best  adapted  for  beams  is  that  of  a rhomb,  or  of  an  equilateral  obtuse 
angled  triangle. 

8.  The  arms  of  the  balance  must  be  of  equal  length , i.  e.,  the  points 
of  Suspension  must  be  equidistant  from  the  fulcrum  or  point  of  Support , 
for  if  the  arms  be  unequal,  the  weights  in  equipoise  will  be  unequal  in 
the  same  proportion  ; i.  e.,  the  weights  in  one  scale  acting  upon  the  longer 
arm  of  the  lever,  will  preponderate  over  the  exact  equivalent  in  the  other 
scale,  and  this  in  direct  proportion  to  the  greater  or  lesser  excess  of  length 
of  one  arm  over  the  other. 


§ 5. 

The  sensibility  or  delicacy  of  a balance  dcpends  principally  upon 
the  following  conditions  : — 

a.  The  friction  of  the  edges  upon  their  supports  must  be  as  slight  as 
possible.  The  greater  or  lesser  friction  of  the  edges  upon  their  supports 
depends  upon  both  the  form  and  material  of  those  parts  of  the  balance. 
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The  edges  must  be  made  of  good  steel,  or  agate,  the  supporters  may  be  rnade 
of  the  same  material ; it  is  better,  however,  tbat  the  centre  edge  should  rest 
upon  a perfectly  horizontal  agate  plane.  To  form  a clear  conception  of 
how  necessary  it  is  tbat  even  the  lateral  edges  should  have  as  little  friction 
as  possible,  we  need  simply  reflect  upon  what  would  happen  were  we  to  fix 
the  scales  in  immovable  points  by  rneans  of  inflexible  rods.  Such  a con- 
trivance  would  at  once  altogether  annihilate  the  sensibility  of  a balance, 
for  if  a weiglit  were  placed  upon  one  scale,  this  certainly  would  sink,  but  at 
the  same  time,  being  compelled  to  form  constantly  a right  angle  with  the 
beam,  it  would  incline  inwards,  whilst  the  other  scale  would  turn  outwards, 
and  thus  the  weight  would  be  made  to  act  upon  the  shorter  arm  of  the 
lever.  The  more  considerable  the  friction  becomes  at  the  end  edges  of  a 
balance,  the  more  the  latter  approaches  the  state  just  now  described,  and 
consequently  the  more  is  its  sensibility  impaired. 

ß.  The  centre  of  gravity  must  be  as  near  as  possible  to  the  fulcrum. 
The  nearer  the  centre  of  gravity  approaches  the  fulcrum,  the  shorter  be- 
comes the  pendulum.  If  we  take  two  balls,  the  one  suspended  from  a 
short,  and  the  other  from  a long  thread,  and  impart  the  same  impetus  to 
both,  the  former  will  naturally,  in  the  extent  of  its  vibrations,  swing  at  a 
far  greater  angle  from  its  perpendicular  position  than  the  latter.  The 
same  must  of  course  happen  with  a balance  ; the  same  weight  will  cause 
the  scale  upon  which  it  is  placed  to  turn  the  more  rapidly,  and  com- 
pletely,  the  shorter  the  distance  between  the  centre  of  gravity  and  the  ful- 
crum. We  have  seen  above,  that  in  a balance  where  the  three  edges  are 
on  a level  with  each  other,  increased  loading  of  the  scales  will  contiuually 
tend  to  raise  the  centre  of  gravity  towards  the  fulcrum.  A good  balance 
will  therefore  become  more  delicate  in  proportion  to  the  increase  of  weights 
placed  upon  its  scales,  but,  on  the  other  hand,  its  sensibility  will  be 
diminished  in  about  the  same  proportion  by  the  increment  of  the  mass  to 
be  moved,  and  by  the  increased  friction  attendant  upon  the  increase  of 
load ; in  other  words,  the  delicacy  of  a good  balance  will  remain  the  same 
whatever  may  be  the  load  placed  upon  it,  ranging  from  the  minimum  to 
the  maximum  that  its  construction  will  enable  it  to  bear. 

y.  The  beam  must  be  as  light  as  possible. — The  remarks  which  we  have 
just  now  made  will  likewise  show  how  far  the  weight  of  the  beam  may  in- 
fluence  the  sensibility  of  a balance.  We  have  seen  that  it  is  necessary 
that  a balance  should  increase  in  delicacy  in  proportion  to  the  increase  of 
load,  since  the  increased  friction  tends  to  diminish  its  delicacy  in  the  same 
proportion  ; and  further,  we  have  seen  that  this  increase  in  sensibility  is 
owing  to  the  increased  weight  contiuually  tending  to  raise  the  centre  of 
gravity  towards  the  fulcrum.  Now  it  is  evident,  that  the  more  consi- 
derable the  weight  of  the  beam  is,  the  less  will  an  equal  load  placed  upon 
both  scales  alter  the  centre  of  gravity  of  the  whole  System,  the  more 
slowly  will  the  centre  of  gravity  approach  the  fulcrum,  the  less  will  the 
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increased  friction  be  neutralized,  and  consequently  the  less  sensibility  will 
the  balance  possess.  Another  point  to  be  taken  into  account  here  is,  that 
the  respective  moving  forces  being  equal,  a lesser  mass,  or  weiglit  is  more 
readily  moved  than  a larger  one  (compare  § 4 a). 

One  of  my  balances  (made  by  the  late  M.  Hoss,  of  Giessen)  is  so 
arranged,  that  whilst  the  beam  is  lifted  up  by  one  stop,  the  scales  may  be 
supported  from  beneath,  and  thus  fixed  by  another  independent  contri- 
vance,  which  is  worked  and  regulated  from  the  side.  The  moveable  Sup- 
ports which  constitutes  one  of  the  principal  parts  of  this  contrivance,  are 
provided  at  the  top  with  crossed  silk  bands,  and  move  with  such  perfect 
steadiness,  that  the  scales  do  not  shake  in  the  least  upon  the  removal  of 
the  Supports  from  beneath  them  (provided,  of  course,  the  Operation  be 
effected  with  some  degree  of  delicacy  and  caution).  This  arrangement, 
besides  facilitating  the  loading  of  the  scales,  affords  this  advantage — that  it 
enables  the  operator  to  put  an  immediate  stop  to  all  trembling,  or  shaking 
of  the  scales,  and  the  convenience  that,  in  cases  where  one  and  the  same 
body,  or  substance  has  to  be  weighed  repeatedly,  the  weights  may  be  left 
on  the  scale  without  risk  to  the  balance. 


§ 6. 

We  will  now  proceed,  first,  to  give  the  Student  a few  general  rules  to 
guide  him  in  the  purchase  of  a balance  intended  for  the  purpose  of  quan- 
titative analysis ; and,  secondly,  to  point  out  the  best  method  of  testing 
the  accuracy,  and  sensibility  of  a balance. 

1.  A balance  able  to  bear  70  to  80  grammes  in  each  scale,  suffices  for 
most  purposes. 

2.  The  balance  must  be  enclosed  in  a glass-case  to  protect  it  from 
dust.  This  case  ought  to  be  sufficiently  large,  and  especially  its 
side-walls  should  not  approach  too  near  the  scales.  It  must  be  con- 
structed  in  a manner  to  admit  of  its  being  closed  with  facility  when  the 
weights  have  been  placed  on  the  scales,  and  thus  to  allow  the  Operation  of 
weighing  being  effected  without  any  disturbing  influence  from  currents  of 
air.  Therefore,  either  the  front  part  of  the  case  should  consist  of  tliree 
parts,  viz.,  a fixed  centre  piece,  and  two  lateral  parts,  opening  like  doors, 
or  if  the  front  part  happen  to  be  made  of  one  piece,  and  arranged  as  a 
sliding-door,  the  two  sides  of  the  ease  must  be  provided  each  with  a door. 

3.  The  balance  must  be  provided  writh  a proper  contrivance  to  render  it 
immovable  whilst  the  weights  are  being  placed  upon  the  scales.  This  is 
most  commonly  effected  by  an  arrangement  which  enables  the  operator  to 
lift  up  the  beam  and  thus  to  remove  the  fulcrum  from  its  support,  whilst 
the  scales  remain  suspended;  other  contrivances  fix  the  scales,  and  leave 
the  fulcrum  rcsting  on  its  support. 

But  whatever  contrivance  may  be  had  recoursc  to,  at  all  events  it  is 
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highly  advisable  to  have  the  case  of  the  balance  so  arranged  that  the  pro- 
cesses  of  lifting  up  tbe  beam,  fixing  the  scales,  &c.,  can  be  conducted 
while  the  case  remains  closed,  and  eonsequently  from  without. 

4.  It  is  necessary  tbat  the  balance  should  be  provided  with  an  index  to 
mark  its  oscillations ; this  index  is  more  appropriately  placed  at  the  bottom 
than  at  tbe  side  of  the  balance. 

5.  The  balance  must  be  provided  with  a pendulum,  or  with  a spirit 
level,  to  enable  the  operator  to  place  the  three  edges  on  an  exactly 
horizontal  level ; it  is  best  also  for  this  purpose  that  the  case  should  rest 
upon  three  screws. 

6.  It  is  very  desirable  that  the  beam  should  be  graduated  into  decimals, 
so  as  to  enable  the  operator  to  weigli  the  milligramme  and  its  fractions,  by 
suspending  a centigramme  rider,  or  liook  on,  or  between  the  indicated 
points  of  a graduated  line,  instead  of  placing  the  weight  on  the  scale. 
Most  modern  balances  are  so  constructed  that  the  position  of  the  riders 
on  the  beam  may  be  shifted  at  pleasure,  and  without  opening  the  glass 
case,  by  means  of  a moveable  arm  placed  in  the  end  of  the  case. 

7.  The  balance  must  be  provided  with  a screw  to  regulate  the  centre  of 
gravity,  and  likewise  with  two  screws  to  regulate  the  equality  of  the  arms, 
and  finally  with  screws  to  restore  instantly  the  equilibrum  of  the  scales, 
should  this  have  been  disturbed. 


§ 7. 

The  following  experiments  serve  to  test  the  accuracy  and  sensibility  of 
a balance. 

1.  The  balance  is,  in  the  first  place,  accurately  adjusted,  if  necessary, 
either  by  the  regulating  screws,  or  by  means  of  tinfoil,  and  a milligramme 
weight  is  then  placed  in  one  of  the  scales.  A good  and  practically  useful 
balance  must  turn  distinctly  with  this  weight ; a delicate  Chemical  balance 
should  indicate  the  of  a milligramme  with  perfect  distinctness. 

2.  Both  scales  are  loaded  with  the  maximum  weight  the  construction  of 
the  balance  will  admit  of — the  balance  is  then  accurately  adjusted,  and  a 
milligramme  added  to  the  weight  in  the  one  scale.  This  ought  to  cause 
the  balance  to  turn  to  the  same  extent  as  sub.  1.  In  most  balances,  how- 
ever,  it  shows  somewhat  less  on  the  index. 

3.  The  balance  is  accurately  adjusted,  (should  it  be  necessary  to  esta- 
blish  a perfect  equilibrium  between  the  scales  by  loading  the  one  with  a 
minute  portion  of  tinfoil,  this  tinfoil  must  be  left  remaining  upon  the  scale 
during  the  experiment;)  both  scales  are  then  equally  loaded,  say  with 
about  fifty  grammes  each,  and,  if  necessary,  the  balance  is  again  adjusted 
(by  the  addition  of  small  weights,  &c.)  The  load  of  the  two  scales  is  then 
interchanged,  so  that  the  right  scale  is  transferred  to  the  left,  and  vice 
versa.  A balance,  the  arms  of  which  are  perfectly  equal,  must  maintain 
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its  perfect  equilibrium  upon  this  interchange  of  the  weights  of  tlie  two 
scales. 

4.  The  balance  is  accurately  adjusted ; it  is  then  arrested,  and  subse- 
quently  set  again  in  motion,  until  it  recovers  its  equilibrium ; the  same 
process  should  be  repeated  several  times.  A good  balance  must  invariably 
re-assume  its  original  equilibrium.  A balance,  the  end  edges  of  which 
afford  too  much  play  to  the  hook  resting  upon  them,  so  as  to  allow  the 
latter  slightly  to  alter  its  position,  will  show  perceptible  differences  in 
different  trials.  This  fault,  however,  is  possible  only  with  balances  of  de- 
fective  construction.  A balance  to  be  practically  useful  for  the  purposes 
of  quantitative  analysis,  must  stand  the  first,  second,  and  last  of  these 
tests.  A slight  inequality  of  the  arms  is  of  no  great  consequence,  since 
this  may  be  readily  and  completely  remedied  by  the  manner  of  weighing. 

§ 8. 

b.  THE  WEIGHTS. 

The  French  gramme  is  the  best  Standard  for  calculation.  A set  of 
weights  ranging  from  fifty  grammes  to  one  milligramme  may  be  considered 
sufficient  for  all  practical  purposes.  With  regard  to  the  set  of  weights, 
it  is  generally  a matter  of  perfect  indifference  in  Chemical  experiments 
whether  the  gramme,  its  multiples  and  fractions,  are  really  and  perfectly 
equal  to  the  accurately  adjusted  normal  weights  of  the  corresponding  de- 
nominations  ; but  it  is  absolutely  and  indispen^ably  necessary  tliat  they 
should  agree  perfectly  among  and  with  each  other,  i.  e.,  the  gramme 
weight  must  be  exactly  the  one  hundredth  part  of  the  gramme  weight  of 
the  set,  &c.,  &c. 

2.  The  whole  of  the  set  of  weights  should  be  kept  in  an  appropriate 
well-closing  box ; and  it  is  desirable  likewise  that  a distiuct  compartment 
be  appropriated  to  every  one  even  of  the  smaller  weights. 

3.  As  to  the  shape  best  adapted  for  weights,  I think  that  of  short  cy- 
linders,  with  a handle  at  the  top,  the  most  convenient  and  judicious  form 
for  the  large  weights  ; small  square  pieces  of  platinum  foil,  turned  up  at 
one  corner,  are  best  adapted  for  the  minute  and  fractional  weights.  The 
foil  used  for  this  purpose  should  not  be  too  thin,  and  the  respective  com- 
partments  adapted  for  the  reception  of  the  several  smaller  weights  in  the 
box,  should  be  large  enough  to  admit  of  their  contents  being  taken  out  of 
them  with  facility,  or  eise  the  smaller  weights  will  soon  get  cracked,  bruised 
and  indistinct.  Every  one  of  the  weights  (with  the  exception  of  the  milli- 
gramme),* should  be  distinctly  marked. 

* One  milligramme  = '01 54  grains  Troy. 

One  centigramme  = *1543  “ “ 

One  decigramme  = 1*5434  “ “ 

One  gramme  = 15'434ö  “ “ 
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4.  With  respect  to  the  material  most  suitable  for  the  manufacture  of 
weights,  I think  that,  although  rock  crystal  is  admirably  adapted  for  normal 
weights,  its  high  price,  and  the  inconvenient  form  of  the  pieces,  render 
it  far  less  so  for  weights  intended  to  serve  in  the  processes  of  quantitative 
analysis.  Platinum  weights  would  be  sure  to  be  universally  adopted,  were 
the  metal  not  too  expensive  ; but  as  it  is,  we  commonly  rest  satisfied  with 
having  the  smaller  weights  only,  from  one  gramme  downwards,  made  of 
platinum  foil,  using  brass  weights  for  all  the  higher  denominations.  Brass 
weights  must  be  carefully  sliielded  from  the  contact  of  acid  or  other  va- 
pours,  or  their  correctness  will  be  impaired  ; nor  should  they  ever  be 
touclied  with  the  fingers,  but  always  with  small  pincers.  But  it  is  an 
erroneous  notion  to  suppose  that  weights  slightly  tarnished  are  unfit  for 
use.  It  is,  indeed,  hardly  possible  to  prevent  weights  for  any  very 
great  length  of  time  from  getting  slightly  tarnished.  I have  carefully 
examined  many  weights  of  this  description,  and  have  found  them  as  ex- 
actly  corresponding  with  one  another  in  their  relative  proportions  as  they 
were  when  first  used.  The  tarnishing  coat,  or  incrustation  is  in  most  in- 
stances  so  extremely  thin,  that  even  a very  delicate  balance  will  generally 
fall  to  point  out  any  perceptible  difference  in  the  weight.  It  will,  however, 
be  found  very  advantageous  to  gild  the  brass  weights  (by  the  electro-gal- 
vanic  process)  previously  to  adjusting  them. 

The  exact  accordance  and  agreement  of  the  several  denominations  of 
weights  of  the  same  set,  i*iay  be  fully  tested  and  assayed  in  the  following 
manner : — 

One  scale  of  a very  delicate  balance  is  loaded  with  a one  gramme* 
weight,  and  the  balance  is  then  completely  equipoised  by  placing  an  exactly 
equivalent  weight  in  small  pieces  of  brass,  and  finally  tinfoil  (not  paper, 
since  this  absorbs  moisture),  upon  the  other  scale.  The  weight  is  then 
removed,  and  replaced  successively  by  the  other  gramme  weights  which 
the  operator  may  happen  to  possess,  and  afterwards  by  the  same  amount 
of  weight  in  pieces  of  lower  denominations. 

The  balance  is  carefully  scrutinised  at  every  fresh  assay,  and  any  devia- 
tion  from  the  exact  equilibrium  marked.  The  several  pieces  of  higher 
denominations  are  then  tested,  and  assayed  in  the  same  way.  In  the  com- 
parison  of  the  smaller  writh  the  larger  weights,  the  former  must  not  show 
the  slightest  perceptible  difference  on  a balance  turning  with  of  a milli- 
gramme ; differences,  however,  of  from  the  iV  to  Part  °f  a Milli- 
gramme may  be  passed  over,  in  the  larger  weights,  since  this  will  not 
materially  impair  their  usefulness.  If  you  wish  them  to  be  more  accurate, 
you  must  adjust  them  yourself.  In  the  purchase  of  weights  chemists 
ought  always  to  bear  in  mind,  that  an  accurate  weight  is  truly  valuable, 
whilst  an  inaccurate  one  is  absolutely  wortliless.  Experience  has  taught 
* One  gramme  = 15*4346  grains  Troy. 


WEIGHING. 


15 


i 9.] 


me  that  it  is  invariably  the  safest  way  for  tlie  analytical  chemist  to  test  and 
assay  himself  every  weight  he  purchases,  no  matter  liow  high  the  reputa- 
tion  of  the  maker  may  happen  to  stand. 


§ 9. 

C.  THE  PROCESS  OF  WEIGHING. 

We  have  two  different  methods  of  determining  the  weight  of  substances  ; 
the  one  is  termed  “ direct  weighing ,”  the  other  is  called  “ weighing  by 
Substitution .” 

In  direct  weighing , the  substance  is  placed  upon  one  scale,  and  the  weight 
upon  the  other.  If  we  possess  a balance,  the  arms  of  whicli  are  of  equal 
length,  and  the  scales  in  a perfect  state  of  equilibrium,  it  is  indifferent 
upon  wliich  scale  the  substance  is  placed  in  the  several  weighings  required 
during  an  analytical  process ; i.  e.,  we  may  weigh  upon  the  right  or  upon 
the  left  side,  and  ehange  sides  at  pleasure,  witliout  endangcring  the  accu- 
racy  of  our  results.  But  if,  on  the  contrary,  the  arms  of  our  balance  are 
not  perfectly  equal,  or  if  the  scales  are  not  in  a state  of  perfect  equilibrium, 
we  are  compelled  to  weigh  invariably  upon  the  same  scale,  otherwise  the 
correctness  of  our  results  will  be  more  or  less  materially  impaired. 

Suppose  we  want  to  weigh  one  gramme  of  a substance,  and  to  divide 
this  amount  subsequently  into  two  equal  parts.  Let  us  assume  our  balance 
to  be  in  a state  of  perfect  equilibrium,  but  with  unequal  arms,  the  left  being 
99  millimetres,*  the  right  100  millimetres  long;  we  place  a gramme  weight 
upon  the  left  scale,  and  against  this,  on  the  right  scale,  as  much  of  the 
substance  to  be  weighed  as  will  restore  the  equilibrium  of  the  balance. 

According  to  the  axiom,  “ masses  are  in  equilibrium  upon  the  lever,  if 
the  distance  of  their  products  from  the  point  of  support  is  equal,”  we  have 
consequently  upon  the  right  scale  0*99  gramme  of  substance,  since  99  : 
1 -00= 100  : 0*99.  If  we  now,  for  the  purpose  of  weighing  one  half  the 
quantity,  remove  the  whole  weight  from  the  left  scale,  substituting  a 0*5 
gramme  weight  for  it,  and  then  take  off  part  of  the  substance  from  the 
right  scale,  until  the  balance  recovers  its  equilibrium,  tliere  will  remain 
0‘495  gramme  ; and  this  is  exactly  the  amount  we  have  removed  from  the 
scale  : we  have  consequently  accomplished  our  object  with  respect  to  the 
relative  weight ; and,  as  we  have  already  remarked,  the  absolute  weight  is 
not  generally  of  so  much  importance  in  Chemical  experiments.  But  if  we 
attempted  to  halve  the  substance  wliich  we  have  on  the  right  scale,  by 
first  removing  both  the  weight  and  the  substance  from  the  scales,  and 
placing  subsequently  a 0*5  gramme  weight  upon  the  right  scale,  and  the 

* One  millimetre  = *03937  inch. 

One  centimetre  = *3937  inch. 

One  decimetre  = 3*937  inches. 

One  metre  . . = 39*37  inches. 


16 


WEIGHING. 


[§  9- 


substance  upon  the  left,  until  the  balance  recovers  its  equilibrium,  we 
should  have  0*505  of  substance  upon  the  left  scale,  since  100  : 0*500=99  : 
0*505  ; and  consequently,  instead  of  exactly  halves,  we  should  have  one 
part  of  the  substance  amounting  to  0*505,  the  other  only  to  0 495. 

If  the  scales  of  our  balance  are  not  in  a state  of  absolute  equilibrium, 
we  are  obliged  to  weigh  our  substances  in  vessels  (see  § 10,  4),  to  ensure 
accurate  results  (although  the  arms  of  the  balance  be  perfectly  equal). 
It  is  self-evident  that  the  weights  in  this  case  must  likewise  be  invariably 
placed  upon  one  and  the  same  scale,  and  that  the  difference  between  the 
two  scales  must  not  undergo  the  slightest  Variation  during  the  whole  course 
of  a series  of  experiments. 

From  these  remarks  result  the  two  following  rules : 

1 . It  is,  under  all  circumstances,  advisable  to  weigh  substances  invariably 
upon  one  and  the  same  scale. 

2.  If  the  operator  happens  to  possess  a balance  for  his  own  private  and 
exclusive  use,  there  is  no  need  that  he  should  adjust  it  at  the  commence- 
of  every  analysis  ; but  if  the  balance  be  used  in  common  by  several  persons, 
it  is  absolutely  necessary  to  ascertain,  before  every  Operation,  whether  its 
state  of  absolute  equilibrium  may  not  have  been  disturbed. 


Weighing  by  Substitution  yields  not  only  relatively , but  also  absolutely 
accurate  results  ; no  matter  whether  the  arms  of  the  balance  be  of  exactly 
equal  lengths,  or  not,  or  whether  the  scales  be  in  perfect  equipoise,  or  not. 

The  process  is  conducted  as  follows  : the  substance  to  be  weighed — say 
a platinum  crucible — is  placed  upon  one  scale,  and  the  other  scale  is  accu- 
rately  counterpoised  against  it.  The  platinum  crucible  is  then  removed, 
and  the  equilibrium  of  the  balance  restored  by  substituting  weights  for  the 
removed  crucible.  It  is  perfectly  obvious  that  the  substituted  weights 
will  invariably  express  the  real  weight  of  the  crucible  with  absolute  accu- 
racy.  We  weigh  by  Substitution  whenever  we  wish  to  obtain  absolutely 
accurate  results  ; as,  for  instance,  in  the  determination  of  atomic  weights. 
The  process  may  be  materially  sliortened  by  accurately  determining,  and 
noting,  in  the  first  place,  the  weight  of  a certain  tare  intended  to  serve  as  a 
counterpoise,  and  which  must,  of  course,  be  heavier  than  the  substance  (or 
substances)  we  wish  to  weigh  ; this  tare,  or  counterpoise  is  then  shifted  to 
the  opposite  scale,  and  the  substance  to  be  weighed  placed  on  the  other, 
together  with  the  smaller  weights  requisite  to  restore  the  equilibrium  of 
the  balance.  The  sum  of  the  weights  added  is  then  subtracted  from  the 
known  amount  of  the  counterpoise : the  remainder  will  at  once  indicate 
the  exact  weight  of  the  substance  we  are  dealing  with.  Let  us  suppose, 
for  instance,  we  have  on  the  left  scale  a tare  requiring  on  the  right  a weight 
of  exactly  fifty  grammes  to  counterpoise  it ; we  sliift  the  tare  to  the  right 
scale,  and  place  on  the  left,  say  a platinum  crucible,  We  find  that  it  re- 
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quires  an  addition  of  weight  to  the  extent  of  40  grammes  to  counterpoise 
the  tare  on  the  right  scale.  Accordingly,  the  crucible  wcighs  50  grammes 
minus  40  = 10  grammes. 

§ 10. 

The  follovving  rules  will  he  found  useful  in  performing  the  process  of 
weighing  : — 

1 . The  safest  and  most  expeditious  way  of  ascertaining  the  exact  weight 
of  a substance,  is  to  avoid  trying  weights  at  random  ; instead  of  this,  a 
strictly  systematic  course  ought  to  be  pursued  in  counterpoising  substances 
on  the  balance.  Suppose,  for  instance,  we  want  to  weigh  a crucible,  the 
weight  of  which  subsequently  turns  out  to  be  6*627  grammes ; well,  we 
place  10  grammes  on  the  other  scale  against  it,  and  we  find  this  is  too 
much  ; we  place  the  weight  next  in  succession,  i.  e.,  5 grammes,  and  find 
this  too  little  ; next  7,  too  much  ; 6,  too  little  ; 6*5,  too  little  ; 6*7,  too 
much  ; 6*6  too  little ; 6 65  too  much ; 6'62  too  little  ; 6*63  too  much  ; 
6*625  too  little  ; 6*627,  right. 

I have  selected  here  for  the  sake  of  illustration  a most  complicated  case  ; 
but  I can  assure  the  Student  of  quantitative  analysis,  that  this  systematic 
way  of  trying  the  counterpoising  of  substances  will  in  most  instances  lead 
to  the  desired  end,  in  half  the  time  required  where  weights  are  tried  at 
random.  A few  minutes  will  generally  suffice  to  ascertain  the  weight  of  a 
substance  to  within  the  — of  a milligramme. 

2.  I have  already  had  occasion  to  observe,  that  the  placing  of  small 
riders,  or  hooks,  weighing  one  centigramme  eacli,  on,  or  between  the  points 
of  the  decimal  divisions  of  the  beamt  is  a more  expeditious  way  to  determine 
a milligramme,  and  its  decimal  divisions,  than  the  use  of  the  corresponding 
weights  upon  the  scale. 

3.  Particular  attention  and  care  should  be  bestowed  on  the  writing,  or 
noting  down  the  weights  on  paper.  The  best  way  is  to  put  down  the 
weights  first  by  inference  from  the  blanks,  or  gaps  in  the  weight  box,  and  to 
control,  and  verify  the  notation  subsequently  by  removing  the  weights  from 
the  scale,  and  replacing  them  in  their  respective  compartments  in  the  box. 

4.  The  balance  ought  to  be  arrested  every  time  any  change  is  contem- 
plated,  such  as  removing  weights,  substituting  one  weight  for  another, 
&c.,  &c.,  or  it  will  soon  get  spoiled. 

5.  Substances  must  never  be  placed  directhj  upon  the  scales,  but  ought 
to  be  weighed  in  appropriate  vessels  of  platinum,  silver,  glass,  porcelain, 
&c.,  &c.,  never  in  paper  or  card,  since  these,  being  liablc  to  attract  moisture, 
are  apt  to  alter  in  weight.  The  most  common  method  is  to  weigh  in 
the  first  instance  the  vessel  by  itself,  and  to  introduce  subsequently  the 
substance  into  it ; to  weigh  again,  and  subtract  the  former  weight  from 
the  latter.  In  many  instances,  and  more  especially  where  several  portions 
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of  the  same  substance  are  to  be  weighed,  tbe  united  weight  of  the  vessel 
and  of  its  contents  is  first  ascertained ; a portion  of  tbe  contents  is  tlien 
taken  out,  and  the  vessel  weighed  again ; the  difference  between  tbe  latter 
and  the  original  weight  expresses  the  amount  of  the  portion  taken  out  of 
the  vessel. 

6.  Substances  liable  to  attract  moisture  from  the  air,  must  be  weighed 
invariably  in  closed  vessels  (in  covered  crucibles,  for  instance,  or  between 
two  watch  glasses,  or  in  a stoppered  glass  tube) ; fluid s are  to  be  weighed 
in  small  bottles,  closed  with  glass  stoppers. 

7.  A vessel  ought  never  to  be  weighed  whilst  hot,  since  it  will  in  that 

case  invariably  weigh  lighter  than  it  really  is.  This  is  owing  to  two 
circumstances.  In  the  first  place,  every  body  condenses  upon  its  surface 
a certain  amount  of  air  and  of  moisture,  the  quantity  of  which  depends 
upon  the  temperature,  and  the  hygroscopic  state  of  the  air,  and  likewise 
on  its  own  temperature.  Now  suppose  a crucible  has  been  weighed  cold 
at  the  commencement  of  the  Operation,  and  is  subsequently  weighed  again 
whilst  hot,  together  with  the  substance  it  contains,  and  the  weight  of 
which  we  wish  to  determine.  If  we  subtract  for  this  purpose  the  weight 
of  the  cold  crucible,  ascertained  in  the  former  instance,  from  the  weight 
found  in  the  latter,  we  shall  subtract  too  much,  and  consequently  we  shall 
set  down  less  than  the  real  weight  for  the  substance.  In  the  second  place, 
bodies  at  a high  temperature  are  constantly  communicating  heat  to  the  air 
immediately  around  them ; the  heated  air  expands  and  ascends,  and  the 
denser  and  colder  air,  flowing  towards  the  space  which  the  former  leaves, 
produces  a current  which  tends  to  raise  the  scale,  making  it  thus  appear 
lighter  than  it  really  is.  • 

8.  If  we  suspend  from  the  end  edges  of  a correct  balance,  10  grammes 
of  platinum  and  10  grammes  of  glass,  by  wires  of  equal  weight,  the 
balance  will  assume  a state  of  equilibrium  ; but  if  we  subsequently  im- 
merse  the  platinum  and  glass  completely  in  water,  this  equilibrium  will  at 
once  cease,  owing  to  the  different  specific  gravity  of  the  two  substances  ; 
since,  as  is  well  known,  substances  immersed  in  water  lose  of  their  weight 
a quantity  precisely  equal  to  the  weight  of  their  own  bulk  of  water.  If 
this  be  borne  in  mind,  it  must  be  obvious  to  every  one  that  weighing  in 
the  air  is  likewise  defective,  inasmuch  as  the  bulk  of  the  substance  weighed 
is  not  the  same  with  that  of  the  weight.  This  defect,  however  is  so  very 
insignificant,  owing  to  the  trifling  specific  gravity  of  the  air  in  proportion 
to  solid  substances,  that  we  may  generally  disregard  it  altogether  in 
analytical  experiments.  In  cases,  however,  where  absolutely  accurate 
results  are  required,  the  bulk  both  of  the  substance  examined,  and  of  the 
weight,  must  be  taken  into  account,  and  the  weight  of  the  corresponding 
volume  of  air  added  respectively  to  that  of  the  substance,  and  of  the  weight, 
making  thus  the  process  equivalent  to  weighing  in  vacuo. 
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2.  MEASURING. 

The  process  of  measuring  is  confined  in  analytical  researches  mostly  to 
gases,  and  fluids.  Generally  speaking,  quantitative  determinations  by 
weight  may  be  considered  more  accurate  than  those  by  measure.  Yet  the 
method  of  measuring  gases  has  been  lately  so  greatly  improved  by 
Bunsen,  and  by  Regnault  and  Reiset  (as  that  of  measuring  fluids  has 
been  by  Gay-Lussac),  that  it  may  almost  be  said  to  excel  in  accuracy  the 
method  of  weighing.  However,  such  accurate  measurement  of  gases 
demand  an  expenditure  of  time,  and  care,  such  as  can  be  bestowed  only 
on  the  nicest,  and  most  delicate  scientific  investigations.* 

The  accuracy  of  the  results  obtained  by  measuring,  depends  upon  the 
proper  construction  of  the  measuring  apparatus,  and  also  upon  the  manner 
in  which  the  process  is  conducted. 

a.  THE  MEASURING  OF  GASES. 

We  use  for  the  measuring  of  gases  graduated  tubes  of  greater,  or  less 
capacity,  made  of  strong  glass,  and  closed  by  fusion  at  one  end,  which 
should  be  rounded.  The  following  apparatus  will  be  found  sufficient  for 
all  the  processes  of  measuring  which  we  shall  have  occasion  to  treat  of  in 
this  work. 

1.  A bell-glass  capable  of  holding  from  150  to  250  cubic  centimeters,  i* 
and  about  one  and  a-half  inch  in  diameter  ; this  bell-glass  should  be  gra- 
duated into  double  cubic  centimeters ; that  is,  every  divisional  line  should 
correspond  to  two  cubic  centimeters. 

2.  From  five  to  six  glass  tubes,  about  half  an  inch  in  diameter,  and  capable 
of  holding  from  30  to  40  cubic  centimeters  each,  divided  into  double  cubic 
millimeters,  so  that  every  line  corresponds  to  two  cubic  millimeters.  The 
sides  of  these  tubes  should  be  pretty  thick,  otherwise  they  will  be  liable 
to  break,  especially  when  used  to  measure  over  mercury.  The  sides  of 
the  bell-glass  should  be  from  4 to  6,  those  of  the  tubes  from  2 to  3 milli- 
meters thick. 

The  most  important  point,  however,  is  that  the  tubes  be  correctly  gra- 
duated, since  upon  this  of  course  depends  the  accuracy  of  the  results. X 

* For  a detailed  description  of  Bunsen’s  method,  I refer  the  Student  to  the  article  on  the 
“ Eudiometer,”  by  H.  Kolbe,  in  Liebig,  Poggendorff,  and  Wöhler’s  Handwörterbuch  der 
Chemie.  Most  useful  information  may  be  derived  from  that  article  by  all  who  wish  to 
occupy  themselves  with  the  analysis  of  gases. 

f One  cubic  centimeters ’0610  cubic  inch. 

I For  the  manner  of  graduating  the  tubes,  the  Student  may  consult  Berzelius’  Manual  of 
Chemistry,  4th  edition,  vol.  x.,  article  Measuring;  or  Faraday’s  Chemical  Manipulations;  or 
the  article  on  Eudeometry,  in  Liebeg  Wöhler  and  Poggendortf’s  Handwörterbuch  der  Chemie, 
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The  practical  usefulness  of  the  measuring  tubes  depends  principally 
upon  the  fulfilment  of  three  conditions. 

1.  The  divisions  of  the  tuhe  must  exactly  correspond  with  each  other. 

2.  The  divisions  of  every  one  of  the  tubes  must  exactly  correspond  with 
those  of  the  other  tubes.  And, 

3.  The  volumes  marked  on  the  graduation  line  must  exactly  corres- 
pond with  the  weights  used  by  the  analyst. 

The  following  experiments  serve  to  test  our  gas  measuring  tubes. 

a.  The  tube  which  it  is  intended  to  examine  is  placed  in  a perpendicular 
position,  and  filled  gradually  with  accurately  measured  small  quantities  of 
mercury,  care  being  taken  to  ascertain  with  the  utmost  accuracy  and  pre- 
cision  whether  the  graduation  of  the  tube  is  proportionate  to  the  equal 
volumes  of  mercury  poured  in.  The  measuring  of  the  mercury  is  effected 
by  means  of  a small  glass  tube  closed  (by  fusion)  at  one  end,  and  ground 
perfectly  even,  and  smooth  at  the  other.  This  tube  is  filled  to  over- 
flowing  by  immersion  under  mercury,  care  being  taken  to  allow  uo  air- 
bubbles  to  remain  in  it ; the  excess  of  mercury  is  then  removed  by 
pressing  a small  glass  plate  down  on  the  smooth  edge  of  the  tube. 

h.  Different  quantities  of  mercury  are  measured  off  in  one  of  the 
smaller  tubes,  and  then  successively  transferred  into  the  other  tubes. 
The  tubes  may  be  considered  in  perfect  accordance  with  one  another,  if 
the  mercury  reaclies  invariably  the  same  divisional  point  in  every  one  of 
them. 

Such  tubes  as  are  intended  simply  to  determine  the  relative  volume  of 
different  gases,  need  only  correspond  individually  and  collectively  in  the 
divisions  of  their  graduated  scales  ; but  in  cases  where  wre  wTant  to  calculate 
the  weight  of  a gas  by  inference  from  its  volume , it  is  necessarv  also  to 
ascertain  whether  the  volumes  indicated  by  the  degrees  of  the  graduation 
scale  correspond  with  the  weights  in  our  possession. 

c.  For  this  purpose  one  of  the  tubes  is  accurately  weighed  and  then 
filled  with  distilled  water  at  a temperature  of  39-2°  Fahr.,  to  the  last  mark 
of  the  graduated  scale ; the  weight  of  the  water  is  then  accurately  deter- 
mined.  If  the  tubes  have  been  correctly  graduated,  and  the  weights  properly 
adjusted,  the  number  of  cubic  centimeters  of  this  scale  will  be  equal  to  that 
of  the  gramme  weights  placed  against  the  water.  In  this  case,  the  weight 
of  gases  may  be  calculated  at  once  from  their  measured  volumes.  But 
should  it  happen  that  the  accordance  betw'een  the  divisions  of  the  tubes 
and  the  weights  of  the  balance  be  not  so  perfect,  no  matter  whether  the 
error  lie  in  the  graduation  of  the  tube  or  in  the  adjustment  of  the 
weights,  we  cannot  proceed  at  once  to  calculate  the  weight  of  a gas  from 
its  ascertained  volume,  but  have,  in  the  first  place,  to  reduce  the  latter  in 
proportion  to  the  diflference  existing  between  the  divisions  of  our  graduated 
scales  and  our  weights.  Let  us  suppose,  for  instance,  that  upon  examin- 
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ing  our  gas  tubes,  we  find  99  cubic  centimeters  of  water,  as  indicated 
by  the  graduated  scale  of  the  tubes  to  weigh  1 00  grammes,  and  to  cor- 
respond  consequently  to  100  grammes,  according  to  our  weights;  to 
convert  in  this  case  tlie  measured  volume  of  a gas  into  weight,  we  must» 
in  the  first  place,  multiply  by  TO  101,  the  number  of  cubic  cen- 

timeters found. 

If,  therefore,  we  wisb  to  employ  such  tubes  we  must  have  a table, 
reducing  the  ineasures  to  their  corresponding  weights  for  every  tube  we 
employ. 

Bunsen's  measuring  tubes  are  all  graduated  simply  into  millimetrical 
divisions,  by  means  of  a very  ingeniously  constructed  divider.  To  what 
volumes  tbe  respective  divisional  lines  correspond,  is  subsequently  deter- 
mined  by  measuring  into  the  tube  equal  volumes  of  mercury.  The  cor- 
responding volumes  are  noted  down  in  a table.  This  mode  of  graduating 
and  adjusting  measuring  tubes,  is  unquestionably  the  best. 

In  the  measuring  of  gases  we  must  have  regard  to  the  following  points. 

1.  We  must  endeavour  to  determine  as  accurately  as  possible  the  exact 
heiglit  at  which  the  water,  or  mercury  Stands.  2.  We  must  take  into 
consideration  the  temperature  of  the  gas.  3.  The  degree  of  pressure 
operating  upon  it.  And  4.  The  circumstance  whether  it  is  dry,  or  moist. 
The  three  latter  points  will  be  readily  understood,  if  it  be  borne  in  mind 
that  any  alteration  in  the  temperature  of  gases,  or  in  the  pressure  acting 
upon  them,  or  in  the  tension  of  the  admixed  aqueous  vapour,  involves  like- 
wise  a considerable  alteration  in  their  respective  volumes. 

With  regard  to  the  first  point,  it  is  somewhat  difiicult  to  decide  with 
absolute  accuracy  the  exact  degree  of  the  scale  at  which  the  mercury,  or 
water  may  happen  to  stand  in  the  gasometer,  since  mercury  in  a jar,  or 
cylinder  (more  especially  in  a narrow  one),  has  a convex  surface  owing  to 
its  own  cohesion ; whilst  water,  on  the  other  hand,  under  the  same  cir- 
cumstances  has  a concave  surface,  owing  to  the  attraction  which  the  walls 
of  the  tube  exercise  upon  it.  To  ascertain  the  exact  position  of  the 
mercury,  or  water,  the  jar,  or  cylinder  should  invariably  be  placed  in  a 
perfectly  perpendicular  position,  and  the  eye  directed  on  a level  with  the 
surface  of  the  fluid.  The  perpendicular  position  of  the  cylinder  may  be 
readily  adjusted  by  means  of  two  plummets  suspended  at  a short  distance 
from  the  cylinder,  in  such  a manner  that  their  respective  directions  intersect 
each  other  in  the  vertical  line  of  the  latter.  To  place  the  eye  on  an 
exact  level  with  the  surface  of  the  fluid  in  the  cylinder,  a small  mirror  is 
pressed  firmly  against  the  tube,  on  the  opposite  side,  and  the  centre  of 
the  eye  fixed  on  the  mirror  right  across  the  surface  of  the  fluid.  When 
the  eye  is  thus  placed  in  the  right  position,  the  mirror  is  removed,  and 
the  exact  heighth  of  the  fluid  read  off.  If  water  be  used  as  the  confining 
fluid,  the  middle  of  the  dark  zone  formed  by  the  water  around  the  inner 
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walls  of  the  tube,  in  obedience  to  the  attraction  exercised  upon  it  by  these 
walls,  is  assumed  to  be  the  real  surface ; whilst  when  operating  with 
mercury,  we  liave  to  place  the  real  surface  in  a line  drawn  exactly  in  the 
centre  between  the  liighest  point  of  the  surface  of  the  mercury,  and  the 
points  at  which  the  latter  is  in  actual  contact  with  the  walls  of  the  tube. 
However,  the  results  obtained  in  this  way,  are  only  approximate.  Abso- 
lutely  accurate  results  cannot  be  arrived  at,  in  measuring  over  water,  or 
any  other  fluid  that  adheres  to  glass.  But  over  mercury  they  may  be 
arrived  at.  To  this  end,  it  is  simply  requisite  to  determine  the  error  of 
the  meniscus.  This  is  done  for  each  respective  tube,  once  for  all,  in  the 
following  manner : a certain  amount  of  mercury  is  poured  into  the  tube, 
and  its  lieight  read  off  right  on  a level  with  the  top  of  the  convex  surface 
exhibited  by  it ; a few  drops  of  solution  of  chloride  of  mercury  are 
then  poured  on  the  top  of  the  metal ; this  causes  the  convexity  to  disap- 
pear ; the  height  of  the  mercury  in  the  tube  is  now  read  off  again : the 
difference  between  the  two  readings  is  the  error  of  the  meniscus.  In  the 
process  of  graduation,  the  tube  Stands  upright,  in  that  of  measuring  gases, 
it  is  placed  upside  down  ; the  error  of  the  meniscus  must  accordingly  be 
doubled,  and  the  sum  added  to  each  volume  of  gas  read  off  over  the  top  of 
the  convex  surface  of  the  mercury.  {Kolbe.) 

The  mercury  intended  to  serve  in  the  measuring  of  gases  should  be 
pure  ; it  must,  more  particularly,  be  free  from  lead,  and  tin,  since  an  ad- 
mixture  of  either  of  these  metals  imparts  to  mercury  the  property  of 
adhering  to  glass.  Should  lead,  or  tin  happen  to  be  present,  it  may  be 
removed  by  keeping  the  mercury  in  contact  for  a day  with  dilute  nitric 
acid  in  a shallow  basin,  taking  care  to  stir  frequently.  From  dust,  &c., 
mercury  may  be  freed  by  filtration  through  a cloth. 

With  regard  to  the  second  point,  the  temperature  of  the  gas  is  made  to 
correspond  with  that  of  the  confining  fluid,  which  latter  may  be  readily 
ascertained. 

If  the  construction  of  the  pneumatic  apparatus  is  such  as  to  permit  the 
total  immersion  of  the  cylinder  into  the  confining  fluid,  a corresponding 
temperature  between  the  latter  and  the  gas,  which  it  is  intended  to  measure, 
is  most  readily  induced ; but  if  the  construction  of  the  apparatus  will  not 
allow  this  total  immersion  of  the  cylinder,  it  is  necessary  that  the  sur- 
rounding  air  should  have  the  same  temperature  with  the  fluid,  and  we  are 
consequently  obliged  in  such  cases  to  keep  the  cylinder  for  a considerable 
time  exposed  to  the  influence  of  hoth,  before  we  can  proceed  to  determine 
the  exact  degree  of  the  scale  at  which  the  mercury  or  water  Stands.  The 
operator  should  take  care  also  to  perform  his  experiment  at  an  effectual 
distance  from  the  heat  of  a stove,  or  the  direct  rays  of  the  sun,  &c. ; and, 
moreover,  he  should  not  grasp  the  cylinder  with  his  hand,  but  simply 
press  it  down  with  the  finger,  or,  better  still,  with  small  wooden  pincers, 
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or  a clothes  peg.  Since  if  eitlier  of  these  rules  be  neglected,  tlie  gas  will 
expand  again,  and  of  course  inaccurate  results  will  be  the  consequence. 

With  regard  to  the  third  point,  the  gas  is  under  the  actual  pressure  of 
the  atmosphere,  if  the  confining  fluid  Stands  on  an  exact  level  botli  in,  and 
outside  the  cylinder ; the  degree  of  pressure  exerted  upon  it  may  there- 
fore  at  once  be  ascertained  by  Consulting  the  barometer.  But  if  the  con- 
fining fluid  Stands  higher  in  the  cylinder  than  outside,  the  gas  is  under 
less  pressure, — if  lower,  it  is  under  greater  pressure  than  that  of  the 
atmosphere  ; in  the  latter  case,  the  perfect  level  of  the  fluid  inside,  and 
outside  the  cylinder  may  readily  be  restored  by  raising  the  tube  ; if  the 
fluid  Stands  higher  in  the  cylinder  than  outside,  the  level  may  be  restored 
by  depressing  the  tube ; this  however  can  only  be  done  in  cases  where  we 
have  a trough  of  suflicient  depth.  When  operatiug  over  water,  the  level 
may  in  most  cases  be  readily  effected ; when  operating  over  mercury,  it  is 
frequently  impossible  to  bring  the  fluid  to  a perfect  level  inside  and  out- 
side the  cylinder. 


In  the  case  illustrated  in  Fig.  1,  we  have  the  gas 
under  the  pressure  of  the  atmosphere,  minus  the 
pressure  of  a column  of  mercury  equal  in  length 
to  the  line  a b.  This  pressure  may  be  determined, 
tlierefore,  by  measuring  the  length  of  a b,  with  the 
greatest  possible  accm’acy,  and  subtracting  it  from 
the  actual  state  of  the  barometer.  Suppose,  for 
instance,  the  barometer  Stands  at  29  inches,  and 
length  of  a b is  = 3 inches,  the  actual  pressure 
upon  the  gas  will  be  29  — 3 = 26  inches. 

If  we  have  water,  or  some  other  fluid  (solution  of  potassa,  for  instance) 
over  the  mercury,  we  proceed  generally  as  if  this  were  not  the  case  ; i.  e.,  we 
either  place  the  mercury  on  a level  inside  and  outside  the  cylinder,  or  measure 
the  difference  between  the  surface  of  mercury  in  the  cylinder,  and  that  in 
the  trough.  The  pressure  of  the  column  of  water,  &c.,  &c.,  floating  over 
the  mercury,  is  mostly  so  trifling  that  it  may  safely  be  disregarded  alto- 
gether.  The  more  correct  way,  of  course,  would  be  to  measure  the  heiglit 
of  the  columu  of  water,  &c.,  to  reduce  this  upon  mercury,  and  to  subtract 
the  resulting  figure  from  the  actual  state  of  the  barometer.  But  this  cor- 
rection  may  be  omitted  as  immaterial,  as  already  stated  above.  Absolutely 
correct  results  cannot  be  arrived  at  under  such  circumstances. 

In  the  measuring  of  gases  saturated  with  aqueous  vapour,  it  must  be 
taken  into  account  that  the  vapour,  by  virtue  of  its  tension,  exerts  a pres- 
sure upon  the  confining  fluid ; the  result  must,  thercfore,  be  corrected 
accordingly.  This  is  an  easy  task,  however,  since  we  know  the  respective 
tension  of  aqueous  vapour  for  the  various  degrees  of  temperature.  To  this 
end  it  is,  of  course,  necessary  that  the  gas  should  be  actually  saturated 
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witli  the  vapour.  It  is,  therefore,  indispensable  in  tlie  measuring  of 
gases,  to  take  care  either  to  have  the  gas  absolutely  dry,  or  tlioroughly 
saturated  with  aqueous  vapour. 

It  is  quite  obvious  from  the  preceding  remarks,  that  volumes  of  different 
gases  can  be  compared  oniy  if  measured  at  the  same  temperature,  under 
the  same  pressure,  and  in  the  same  hygroscopic  state.  The  temperature  is 
generally  reduced  to  32°  Fahr.,  the  hygroscopic  state  of  the  gases  to  0,  and 
the  pressure  is  maintained  at  29-8  of  the  barometer.  How  this  is  effected, 
as  well  as  the  manner  in  which  we  deduce  the  weight  of  gases  from 
their  bulk,  will  be  found  in  the  chapter  on  the  calculation  of  analytical 
results. 

§ 12. 

b.  THE  MEASURING  OF  FLUIDS. 


As  tlie  Operation  of  measuring  fluids  is  more  expeditious  than  that  of 
weighing  them,  it  is  frequently  resorted  to,  more  particularly  in  analytico- 
technical  investigations. 

The  following  vessels  are  used  for  measuring  fluids  : — 

1.  The  Graduated  Pipette. 

We  use  two  sorts  of  pipettes  ; the  one  made  to  measure  off  only  one 
certain  definite  quantity  of  fluid,  say  10,  20,  50,  cubic  centimeters,  and, 
accordingly  marked  with  a single  line  only  ; the  other  to  measure  off  any 
given  quantity  of  fluid,  within  the  limit  of  the  capacity  of 
the  glass,  of  course.  The  latter  is  illustrated  by  Fig.  2. 

The  lower  aperture  has  a diameter  of  1*5  m.  m.  (mülimeters), 
the  upper  of  3'4  m.  m.  The  glass  holds,  up  to  the  0 mark, 
50  c.  c.  (cubic  centimeters),  every  degree  corresponds  accord- 
ingly to  0*5  c.  c. 

This  Instrument  serves  only  to  measure  off  definite  quanti- 
ties  of  fluid.  For  this  purpose  the  end  a is  dipped  into  the 
fluid,  and  suction  applied  to  b,  until  a somewhat  larger  quan- 
tity of  the  fluid  than  required  has  ascended  into  the  tube  ; b is 
then  closed  with  the  finger,  which  is  a little  moistened  for  the 
purpose,  and  the  eye  being  placed  on  an  exact  level  with  the 
surface  of  the  fluid,  the  excess  over  the  quantity  required  is 
allowed  to  drop  out  from  a. 

From  its  peculiar  shape  and  construction,  this  instrument 
enables  the  operator  to  transfer  without  loss  to  any  other 
vessel  the  fluid  measured  off. 

%•  2-  In  measuring  with  the  graduated  pipette,  the  dark  zone  formed 
by  the  adhesion  of  the  fluid  to  the  inner  walls  of  the  tube,  must  be  taken  into 
account ; as  it  is  by  no  means  a matter  of  indifference  whether  the  mark 
line  coincides  with  the  lower  border,  or  with  the  centre,  or  with  the  upper 
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The  measuring  will  be  found  most  accurate  when 


/ 


horder  of  the  zone. 
tlie  mark  line  is  made  to  coincide  with  the  lower  straight  horder  of 
the  dark  zone  (see  a,  Fig.  3) ; which  may  be  accomplished  with 
great  exactness  in  a good  light,  more  particularly  by  hold- 
ing  the  glass  up  before  the  sun,  or  hefore  a strong  gas  light. 
The  circumstance  whether  the  glass  is  so  graduated  that 
the  last  drop  of  the  fluid  which  gathers  sometimes  at  the 
lower  aperture  of  the  glass,  and  may  be  got  out  by  blowing 
in  at  the  upper  mouth,  is  to  be  counted  in,  ör  not,  must  not 
be  overlooked. 

If  it  is  intended  to  use  the  pipette  for  the  purpose  of 
mixing  one  fluid  with  another  up  to  a certain  point,  e.  (/., 
the  point  of  neutralisation,  and  of  ascertaining  subsequently 
the  exact  quantity  of  fluid  so  added  to  another,  the  lower 
tube  of  the  instrument  is  provided  either  with  a small  glass- 
cock,  or  with  a compression  $toj)-cock,  as  recommended  by 
Mohr. — (Transactions  of  the  29th  Meeting  of  German  Natural 
Philosophers.) 

This  simple  and  most  practical  contrivance  consists  of  a 
short  piece  of  tube  of  vulcanized  india-rubber,  which  is 
kept  compressed,  and  completely  closed  by  means  of  a wire 
clasp,  but  may  be  opened  at  pleasure  to  a greater,  or  less 
extent,  by  a stronger  or  less  pressure.  Fig.  4 shows  the 
form  of  the  wire  clasp. 

One  end  of  the  little  india-rubber  tube  is  in- 
verted  over  the  point  of  the  pipette,  and  securely 
tied  to  it ; at  the  other  end  is  fastened  a short 
piece  of  a small  strong  glass  tube  drawn  out 
to  a moderately  fine  point. 

The  pipette  thus  arranged  is  fixed  vertically  in 
a clasp,  or  other  appropriate  instrument,  and 
placed  so  that  the  analyst  Standing,  or  sitting 
before  it  has  his  eye  on  an  exact  levei  with  the 
0 point  of  the  pipette.  This  contrivance  enables 
the  analyst  not  only  to  read  off  the  lieight  of 
the  fluid,  accurately,  and  deliberately,  both  before, 
and  after  the  experimeut,  but  also  to  control  the 
flowing  off  of  the  fluid  from  the  glass,  and  even 
to  restrain  it,  with  positive  certainty,  to  single  drops. 

2.  The  Graduated  Bürette,  or  Dropping-glass. 

This  instrument,  illustrated  by  Fig.  5,  serves  for  the  same  purpose  as  the 
pipette  provided  with  a stop-cock.  The  dropping  aperture  is  about  1*5 
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in.  m.  in  diameter,  and  must  be  placed  so  much  lower  than 
tlie  mouth  of  the  wide  tube,  tliat  the  Operation of  pouring  out, 
or  ratber  dropping  out,  the  fluid  may  be  effected,  witbout  tlie 
sligbtest  risk  of  the  fluid  running  over  the  mouth  of  the 
wide  tube. 

Itis  advisable  to  have  the  burette  fixed  in  a solid  wooden  stand. 
Burettes  hold  generally  about  50  or  100  c.  c.  ; in  the  formcr 
case  they  are  graduated  into  100°,  in  the  latter  iuto  200°, 
each  degree  corresponding  accordingly  to  0*5  c.  c. 

Some  prefer  the  burette  illustrated  by  Fig.  5 a. 

As  a burette  is  graduated,  not  like  a pipette,  from  below  up- 
Fig.  5.  Fig-'J-«-  war(jSj  from  the  top  downwards,  we  must,  when  we  want 
to  use  it,  All  it  up  in  the  first  place  to  the  0 po^nt,  then  let  the  fluid  run  out, 
or  drop  out  to  the  extent  required,  and  afterwards  read  off  the  remainder. 


Fig.  6. 


3.  The  Graduated  Cylinder. 

The  graduated  cylinder,  illustrated  by  Fig.  6,  serves  to 
prepare  fluid  mixtures  that  are  to  hold  in  solution  a known 
amount  of  substance  in  a definite  volume  of  the  mixture. 
To  this  end  the  fluid  which  is  to  be  diluted  (solution  of 
common  salt  for  instance),  is  poured  into  the  cylinder,  and 
the  other  fluid  with  which  it  is  to  be  mixed,  is  added  until* 
the  mixture  reaches  the  desired  divisional  line.  A per- 
fectly  even  and  smooth  glass  plate  is  then  laid  on  the 
ground  edge  of  the  mouth  of  tlie  cylinder,  and  firmly 
held  down  on  it ; the  fluids  are  then  carefully  intermixed 
by  shaking,  and  occasional  inversion  of  the  cylinder.  In- 
stead  of  the  graduated  cylinder  we  may  use  also  in  many 
cases  the  measuring  flask,  described  sub.  4. 


4.  The  Measuring  Flask. 

It  occurs  not  unfrequently  in  analytical  inves- 
tigation  that  we  dissolve  a compound  substance 
in  a fluid,  dilute  the  solution  up  to  a certain  defi- 
nite volume,  and  proceed  then  to  make  the  quan- 
titative estimations  of  the  respective  constituents 
in  several  carefully  measured  quantities  of  the 
solution.  The  most  appropriate  instrument  for 
this  purpose,  is  a flask,  with  a line  cut  in  with 
a file,  at  some  part  of  the  neck.  (See  Fig.  7.) 

To  prepare  a vessel  of  this  kind  for  use, 
select  a small,  somewhat  long-necked  flask,  hold- 
ing,  as  is  ascertained  by  a preliminary  experi- 
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ment,  100  c.  c.  of  water  up  to  a convenient  part  of  the  neck.  Let  tlie 
water  run  out  to  the  last  drop,  but  without  wiping  the  inner  side  of  the 
flask  dry.  Weigh  into  the  flask  accurately  100  grammes  of  water  of  39*2° 
Fahr.,  put  the  flask  on  a solid,  perfectly  horizontal  base,  place  your 
eye  on  an  exact  level  with  the  surface  of  the  fluid  in  the  flask,  and  mark 
both  the  upper  and  lower  border  of  the  dark  zone  formed  by  the  fluid 
around  the  inner  walls,  by  little  dots  made  on  the  glass  with  a point  dipped 
into  asphaltum  varnish,  or  some  other  substance  of  the  kind.  Now  let 
the  water  run  off,  place  the  flask  in  a convenient  position  before  you,  and 
replace  the  dots  by  fine  distinct  lines  cut  with  a diamond  into  the  glass. 

In  the  same  way  you  may  prepare  flasks,  holding  respectively  200,  300 
400,  &c.,  grammes  of  water  of  39 '2°  Fahr.  Mark  the  whole  of  these 
flasks,  besides  with  the  number  of  cubic  centimeters,  which  they  respectively 
hold  up  to  the  mark,  with  a to  indicate  that  they,  when  filled  up  exactly 
to  the  mark,  give,  on  being  emptied,  and  draiüed  to  the  last  drop,  the  num- 
ber of  cubic  centimeters  marked  on  them. 

Besides  these,  we  use  flasks  prepared  on  a different  plan,  and 
which  we  will  mark  e.  The  flasks  when  filled  up  to  the  line-marks  cut 
into  them,  hold  actually  the  number  of  cubic  centimeters  inscribed  on 
them.  They  are  prepared  by  weigliing  into  flasks  perfectly  dry  inside, 
respectively  200,  300,  400,  1000,  &c.,  grammes  of  water,  of  39-2°  Fahr., 
and  marking  the  heiglit  of  the  water  in  the  respective  flasks,  by  lines  cut 
into  the  glass,  in  the  way  just  now  described. 

I will  give  here  an  illustration  of  the  method  in  which  the  flasks 
belonging  respectively  to  these  two  Systems  are  used.  Suppose  we  liave 
ten  grammes  of  a mixture  of  chloride  of  sodium,  and  of  sulphate  of 
magnesia  dissolved  in  water,  and  we  wish  to  determine  in  separate  portions 
of  the  solution,  the  chlorine,  the  sulphuric  acid,  the  soda,  and  the  mag- 
nesia ; to  this  end,  we  pour  the  solution  into  the  flask  of  the  System  e, 
holding  500  c.  c.,  and  All  up  with  water  to  the  line-marks  ; we  then  carefully 
intermix  the  fluid  in  the  flask,  by  shaking  and  occasional  inversion  (closing 
the  mouth  of  the  flask  with  the  palm  of  the  hand,  or,  better  still,  if  it  bas 
ground  edges,  with  a smooth,  and  perfectly  even  glass  plate).  "We  now  All 
out  of  this  flask,  a flask  of  the  System  a — holding  100  c.  c.,  up  to  the  line- 
marks  ; we  empty  this  flask  then  into  another  vessel  for  the  estimation 
of  the  sulphuric  acid ; we  All  it  again  and  empty  it  again  in  the  same 
way  into  another  separate  vessel,  for  the  estimation  of  the  chlorine,  &c. 

To  understand  liow  necessary  (or,  at  all  events,  advantageous)  it  is  that 
there  should  be  flasks  belonging  respectively  to  the  two  svstems,  we  need 
simply  consider  what  additional  and  troublesome  operations  would  be 
required  if  the  flask  of  the  capacity  of  100  c.  c.  belonged  to  the  System 
e,  instead  of  to  a.  We  should,  in  that  case,  have  to  rinse  the  flask  after 
the  first  emptying,  and  to  add  the  rinsings  to  the  fluid ; we  should  then 
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liave  to  wipe  the  flask  perfectly  dry  inside,  or  to  rinse  it  carefully  with  the 
fluid  under  examination,  before  we  could  proceed  to  a second  measuring, 
and  at  each  successive  measuring  we  should  have  to  go  through  the  same 
tedious  process  again. 

That  this  method  of  measuring  has  hitherto  often  yielded  much  less 
accurate  results  than  may  be  obtained  by  it,  is  to  be  attributed  to  the  cir- 
cumstance  that  analysts  have  but  rarely  distinguished  properly  between 
the  flasks  of  the  two  Systems. 

In  examining  the  graduated  pipette,  burette,  and  cylinder,  it  is  to  be 
observed  that  the  two  former  must  belong  to  System  a,  the  latter  to 
System  e. 

To  point  out  the  difference  between  flasks  marked  to  contain  the  same 
volume  of  fluid,  but  belouging  respectively  to  the  two  different  Systems, 
I will  mention  here  that  my  flask  of  System  u , marked  to  contaiu  100 
c.  c.,  contains  actually  100'2  c.  c. 

If  it  is  required  simply  to  measure  off  repeatedly  the  same  volume  of 
a fluid,  a flask  furnished  with  a glass  stopper,  rounded  at  the  bottom,  will 
answer  the  purpose. 


CHAPTER  II. 

PRELIMINARY  OPERATIONS. — PREPARATION  OF  SUBSTANCES  FOR  THE 
PROCESSES  OF  QUANTITATIVE  ANALYSIS. 

§ 13. 

1.  THE  SELECTION  OF  THE  SAMPLE. 

Before  the  analyst  proceeds  to  make  the  quantitative  analysis  of  a 
body,  he  cannot  consider  too  carefully  whether  the  desired  result  is  indeed 
attained  if  he  knows  the  respective  quantity  of  every  individual  constituent 
of  that  body.  This  primary  point  is  but  too  frequently  disregarded,  and 
thus  false  impressions  are  made,  and  wrong  notions  created,  even  by  the 
most  careful  analysis.  This  remark  applies  both  to  scientific,  and  to 
technical  investigations. 

Therefore,  if  you  have  to  determine  the  composition  and  Constitution  of 
a mineral,  take  the  greatest  possible  care  to  remove,  in  the  first  place, 
every  particle  of  adhering  impurities  ; then  wrap  the  ore  up  in  a sheet  of  thick 
paper,  and  crush  it  to  pieces  on  a Steel  anvil ; select  and  pick  out  with  a pair 
of  small  pincers  the  cleanest  pieces.  Crystalline  substances,  that  may  be 
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prepared  artificially,  ouglit  to  be  purified  by  re-crystallization  ; precipitates 
by  thorough  washing,  &c.  &c. 

In  technical  investigations — when  called  upon,  for  instance,  to  deter- 
mine  the  amount  of  peroxide  present  in  a manganese  ore,  or  the  amount 
of  iron  present  in  an  iron  stone,  &c. — the  first  point  for  consideration 
ouglf;  to  be  whether  the  samples  selected  correspond  as  much  as  possible 
to  the  average  quality  of  the  ore.  What  would  it  serve,  indeed,  to  the 
purchascr  of  a manganese  mine  to  know  the  amount  of  peroxide  present  in 
a select,  and  probably  particularly  rieh,  sample. 

These  fevv  observations  will  suffice  to  show  that  no  universally  applicable 
and  valid  rules  to  guide  the  analyst  in  the  selection  of  the  sample  can  be 
laid  down  ; he  must  in  every  individual  ease,  on  the  one  hand,  examine 
the  substance  carefully,  and  more  particularly  also  under  the  microscope, 
or  through  a magnifying  lens  ; and,  on  the  other  hand,  keep  clearly  in 
view  the  object  of  the  investigation,  and  then  take  his  measures  accordingly. 

§ 14. 

2.  MECHANICAL  DIVISION. 

In  order  to  prepare  any  substance  for  analysis,  i.  e.,  to  render  it 
accessible  to  the  actiou  of  solvents,  or  fluxes,  it  is  generally  indispensable, 
in  the  first  place,  to  divide  it  into  minute  parts,  since  this  will  create 
abundant  points  of  contact  for  the  solvent,  and  counteract,  and  remove  as 
much  as  possible,  the  adverse  influence  of  the  power  of  cohesion,  tlms 
fulfilling  the  principal  conditions  necessary  to  effect  a complete,  and  speedy 
solution. 

The  means  employed  to  attain  this  object,  vary  according  to  the  nature 
of  the  different  bodies  we  have  to  operate  upon.  In  many  cases,  crusbiug, 
or  pounding  is  sufficient ; in  other  cases  it  is  necessary  to  reduce  the 
powder  to  the  very  liighest  degree  of  fineness,  by  sifting,  or  by  elu- 
triation. 

The  operations  of  pounding,  and  levigating  are  conducted  in  mortars,  or 
levigating  slabs  ; the  first  and  most  indispensable  condition  is,  that  the 
material  of  the  mortar,  or  slab  be  considerably  harder  than  the  substance 
to  be  pulverised,  so  as  to  prevent,  as  much  as  possible,  the  latter  from 
being  contaminated  with  any  particles  of  the  former.  Thus,  for  pound- 
ing salts,  and  generally  of  substances  possessing  no  very  considerable 
degree  of  liardness,  porcelain  mortars  may  be  used,  whilst  the  pounding  of 
harder  substances  (of  most  minerals,  for  instance),  requires  vessels  of  agate, 
chalcedony,  or  flint.  In  such  cases  the  larger  pieces  are  first  broken  into 
a coarse  powder ; this  is  best  effected  by  wrrapping  the  pieces  up  in  several 
sheets  of  paper,  and  beating  them  with  a liammer  upon  a steel,  or  iron 
anvil,  or  plate  ; the  coarser  powder  thus  obtained  is  subsequently  triturated 
in  small  portions  in  an  agate  mortar,  until  it  is  completely  reduced  to  the 
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state  of  an  impalpable  powder.  If  we  have  but  a small  portion  of  a 
mineral  to  operate  upon,  and,  in  fact,  in  all  cases  where  we  are  desirous  of 
avoiding  loss,  it  is  advisable  to  use  a steel  mortar  for  the  preparatory  re- 
duction  of  the  mineral  into  coarse  powder.  Fig.  8 represents  a mortar 

a b and  c d represent  the  two  copnpo- 
nent  parts  of  the  mortar ; these  may  be 
readily  taken  asunder.  The  substance 
to  be  pounded  is  introduced  (previously 
broken  into  small  pieces,  if  possible), 
into  the  cylindrical  cavity  e f ; the  steel 
cylinder  f y , which  fits  somewhat  loosely 
into  this  cavity,  serves  as  a pestle.  The 
mortar  is  placed  upon  a solid  support, 
and  perpendicular  blows  are  struck  upon  the  pestle  repeatedly,  until  the 
object  in  view  is  attained. 

Minerals  which  are  very  difficult  to  pulverise  should  be  ignited,  and 
whilst  red  hot  plunged  suddenly  into  cold  water,  and  subsequeutly  again 
ignited,  if  necessary.  This  process  is,  of  course,  applicable  only  to  minerals 
which  lose  no  essential  constituent  at  a red  heat,  and  which  are  perfectly 
insoluble  in  water. 

In  the  purchase  of  agate  mortars,  especial  care  ought  to  be  taken  that 
they  have  no  palpable  fissures,  or  indentations  ; very  slight  fissures,  how- 
ever,  do  not  render  the  mortar  useless,  although  they  impair  its  durability. 

Minerals  insoluble  in  acids,  and  which  consequently  require  fluxing, 
must  be  divided  as  finely  as  possible,  otlierwise  we  cannot  calculate  upon 
complete  decomposition.  This  object  may  be  obtained  by  triturating  the 
pounded  mineral  with  water,  by  sifting,  or  by  elutriation  ; the  two  latter 
processes,  however,  ought  to  be  resorted  to  only  in  the  case  of  thorouglily 
uniform  substances. 

Trituration  with  Water. — Add  a little  water  to  the  pounded  mineral  in 
the  mortai’,  and  triturate  the  paste  until  all  crepitation  ceases,  or,  which  is 
a more  expeditious  process,  transfer  the  mineral  paste  from  the  mortar  to 
an  agate,  flint,  or  porphyry  slab,  and  triturate  it  thereon  with  a muller 
until  it  is  perfectly  smooth.  Wash  the  paste  off,  with  the  washing  bottle, 
into  a smooth  porcelain  basin  of  liemispheric  form,  evaporate  the  water  in 
the  waterbath,  and  mix  the  residue  most  carefully  with  the  pestle.  (The 
paste  may  be  dried  also  in  the  agate  mortar,  but  at  a very  gentle  heat, 
since  otlierwise  the  mortar  might  crack.) 

To  perform  the  process  of  elutriation,  the  pasty  mass,  having  been  pre- 
viously very  finely  triturated  with  water,  is  waslied  off  into  a beaker-glass, 
and  mixed  with  distilled  water  ; the  mixture  is  left  at  rest  a minute  or  so, 
after  which  the  supernatant  turbid  fluid  is  poured  off  into  auother  beaker- 


adapted  for  this  purpose. 


Fig.  8. 
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glass.  The  Sediment  which  contaius  the  coarser  parts  is  then  again  sub- 
jected  to  the  processes  of  trituration,  and  elutriation,  &c.,  and  the  same 
Operation  is  repeated  until  the  end  in  view  is  attained.  The  turbid  fluid 
collected  from  the  successive  decantations  is  left  to  stand  at  rest  until 
the  minute  particles  of  the  substance  held  in  Suspension  have  sub- 
sided,  which  generally  takes  many  hours.  The  clear  supernatant  fluid  is 
then  finally  decanted,  and  the  residuary  powder  dried  in  the  beaker-glass. 

The  process  of  sifting  is  had  recourse  to,  instead  of  elutriation,  in  the 
case  of  substances  partially  soluble  in  water.  The  substance  is,  in  the  first 
place,  most  finely  pounded,  or  triturated  ; the  powder  is  then  sifted  through 
fine  muslin.  The  portion  remaining  is  again  subjected  to  trituration,  and 
subsequently  sifted  ; and  the  same  process  is  continued  until  the  end  in 
view  is  attained. 

When  operating  on  compound,  and  mixed  minerals,  it  would  be  a grave 
error  indeed  to  use  for  analysis  the  powder  resulting  from  the  first  process 
of  elutriation,  or  sifting,  since  this  will  contain  the  more  readily  pulveriz- 
able  parts  in  a greater  proportion  to  the  more  resisting  parts,  than  is  the 
case  with  the  original  substance. 

As  it  is  difficult  to  avoid  a loss  of  substance  in  the  processes  of  elutria- 
tion and  sifting,  and  as  this  loss  is  likely  to  be  distributed  unequally  among 
the  several  component  parts  which  happen  to  be  of  different  degrees  of 
fineness,  I prefer,  for  my  own  part,  to  reduce  compound  and  mixed  mine- 
rals to  the  requisite  degree  of  fineness,  by  the  simple,  though  of  course, 
somewhat  tedious  process  of  trituration,  either  dry,  or  with  water. 

In  cases  where  it  is  intended  to  ascertain  the  average  composition  of  a 
mixed  substance,  of  an  iron  ore  for  instance,  a large  average  sample  is 
selected,  and  reduced  to  a coarse  powder  ; the  latter  is  thoroughly  inter- 
mixed,  and  a portion  of  it  is  then  brought  to  the  requisite  degree  of  fine- 
ness. The  most  convenient  and  best  adapted  instrument  for  the  crusliing 
and  coarse  pounding  of  large  samples  of  ore,  is  a steel  anvil  and  hammer. 
The  anvil  in  my  own  laboratory  consists  of  a wood  pillar  85  centimeters 
high,  and  26  centimeters  in  diameter,  into  which  a steel  plate  3 centi- 
meters thick  and  20  centimeters  in  diameter  is  let  to  the  depth  of  one- 
half  of  its  thickness.  A brass  ring,  8 centimetres  high,  is  put  round  the 
upper  projecting  part  of  the  steel  plate.  The  hammer,  which  is  well 
steeled,  has  a striking  surface  of  5 centimetres  diameter.  An  anvil  and 
hammer  of  this  kind  present,  among  others,  this  advantage,  that  their 
steel  surfaces  admit  most  readily  of  cleaning. 

§ 15. 

3.  DESICCATION  OR  DRYING. 

Substances  which  it  is  intended  to  analyse,  must  be  submittcd  to  the 
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requisite  operations,  and  processes  in  a clearly,  and  distinctly  characterised 
and  definite  state,  or  form. 

In  our  introductory  remarks  we  liave  laid  it  down,  as  an  indispensable 
condition  of  quantitative  analysis,  that  the  kind,  and  nature  of  every  indi- 
vidual constituent  of  the  Compounds  under  examination  must  be  exactly 
and  accurately  known  before  we  can  proceed  to  their  quantitative  estimation. 
Now,  the  essential  constituents  of  a substance  are  usually  accompanied  by 
an  accidental  admixture,  viz.,  a greater,  or  less  amount  of  water,  inclosed 
eitlier  within  its  lamellse,  or  adhering  to  it  from  the  mode  of  its  prepara- 
tion,  or  absorbed  by  it  from  the  atmosphere.  It  is  perfectly  obvious  that 
to  estimate  correctly  the  quantity  of  a substance,  we  must,  in  the  first 
place,  remove  the  water  which  it  may  happen  to  hold  in  admixture.  Most 
solid  bodies,  therefore,  require  to  be  dried  before  they  can  be  quantitatively 
analysed. 

The  Operation  of  drying  is  of  the  very  highest  importance  for  the 
correctness  of  the  results ; indeed  it  may  safely  be  averred  that  many  of 
the  differences  observed  in  analytical  researches,  proceed  entirely  from  the 
fact  that  substances  are  analysed  in  different  States  of  moisture. 

It  must  be  borne  in  mind,  of  course,  that  many  substances  contain 
water  among  their  essential  constituents  (constitutional  water,  or  water  of 
crystallization).  With  this  water  we  must  not  interfere  ; the  Operation  of 
drying,  which  we  liave  here  in  view,  is  intended  only  to  remove  the  wrater 
accidentally  admixed,  or  mechanically  adhering  to  the  substance,  and  which 
we  will  term  here  “ moisture,”  the  better  to  distinguish  it  from  the  water 
essentially  inherent  in  a substance.  Accordingly,  in  the  drying  of  sub- 
stances for  quantitative  analysis,  our  only  object  is  to  remove  all  moisture 
from  them,  without  interfering,  in  the  slightest  degree,  with  their  constitu- 
tional water,  or  any  other  essential  constituent.  To  accomplish  this  object, 
it  is  absolutely  requisite  that  we  sliould  know  the  properties  which  the 
substance  under  examination  manifests  in  the  dry  state,  and  whether  it 
loses  water,  or  other  constituents  at  a red  heat,  or  at  212°  Fahr.,  or  in 
dried  air,  or  even  simply  in  contact  with  the  atmosphere.  These  data 
will  serve  to  guide  us  in  the  selection  of  the  process  of  desiccation  best 
suited  to  the  substance  under  examination. 

The  followdng  Classification  may  accordingly  be  adopted  : — 

a.  Substances  which  yield  water  even  in  simple  contact  with  the 
atmosphere  ; such  as  sulphate  of  soda,  carbonate  of  soda,  &c.  Substances 
of  this  kind  turn  dull  and  opaque  wlien  exposed  to  the  air,  and  finally 
crumble  wholly,  or  partially  into  a white  powder.  They  are  more  difficult 
to  dry  tlian  many  other  bodies.  The  process  best  adapted  for  the  purpose, 
is  to  press  the  pulverized  salts  with  some  degree  of  force  between  thick 
layers  of  fine  white  blotting-paper,  until  the  last  slieets  remain  absolutely 
dry. 
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It  is  generally  advisable  to  subject  the  pulverized  salts,  in  the  course  of 
tliis  Operation,  once  more  to  the  process  of  trituration. 

b.  Substances  which  do  not  yield  water  to  the  atmosphere  (unless 
perfectly  dry),  but  which  effloresce  in  artificially  dried  air  ; such  as  sul- 
phate  of  magnesia,  tartrate  of  soda  and  potassa  (Bochelle  salt),  &c. 
Salts  of  this  kind  are  reduced  to  a fine  powder,  which,  if  it  be  very 
moist,  is  pressed  between  sheets  of  blotting-paper,  as  sub  a ; after  this 
Operation,  it  must  be  allowed  to  remain  for  some  time  spread  in  a thin 
layer  upon  a sheet  of  blotting-paper,  effectually  protected  agaiust  dust,  and 
shielded  from  the  direct  rays  of  the  sun. 

c.  Substances  which  underyo  no  alteration  in  dried  air,  but  lose  water 
at  212°;  tartrate  of  lime,  for  instance.  These  are  finely  pulverized  ; the 
powder  is  put  in  a thin  layer  upon  a watch-glass,  or  into  a small  dish, 
and  the  latter  placed  inside  a bell-glass,  in  which  the  air  is  kept  dry  by 
means  of  sulphuric  acid.  This  process  may  be  conducted  eithcr  in  the 
apparatus  illustrated  by  Fig.  9,  or  in  that  illustrated  by  Fig.  10. 


Fig.  9.  Fig.  10. 


Fig.  9,  a represents  a glass  plate  (ground  glass  plates  answer  the 
purpose  far  better  than  polished  ones),  b a bell-shaped  glass  cover,  with 
ground  rim,  which  is  greased  with  tallow ; c is  a glass  basin  with 
sulphuric  acid ; d a watch-glass  containing  the  substance  which  is  to  be 
dried,  and  resting  upon  a triangle  made  of  wire  (e). 

Fig.  10,  a represents  a beaker-glass,  w'itli  a ground  rim,  greased  with 
tallow,  and  filled  to  one-fourth  or  one-third  with  concentrated  sul- 
phuric acid  ; b is  a ground  glass  plate,  with  an  aperture  in  the  centrc ; 
this  aperture  is  closed  by  means  of  a cork,  d.  c is  a small  wire 
support  attached  to  the  cork,  and  upon  which  rests,  e a watch-glass, 
containing  the  substance  under  examination. 

The  body  which  it  is  intended  to  dry,  is  kept  exposed  to  the  action  of 
the  dry  air  in  the  glass,  until  it  shows  no  furtlier  diminution  ot  weight. 
Substances  upon  which  the  oxygen  of  the  air  exercises  a modifying 
influence,  are  dried  in  a similar  manner  under  the  exhausted  receiver  of  an 
air-pump.  Substances  which,  though  losing  no  water  in  dry  air,  yet  give 
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°ff  ammonia,  are  dried  over  lime,  mixed  with  some  chloride  of  ammonium 
in  powder,  and  consequently  in  an  anhydrous  ammoniacal  atmosphere. 

d.  Substances  which  undergo  no  alteration  at  212°,  Lut  are  decomposed 
at  a red  heat,  such  as  bitartrate  of  potassa,  sugar,  &c.,  are  dried  in  the 
water-bath ; in  the  case  of  slowly  drying  substances,  with  the  aid  of  a 
current  of  dry  air.  There  are  many  bodies,  also,  that  do  not  completely 
lose  their  moisture  at  212°,  or  the  drying  of  which  would,  at  all  events, 
require  a very  protracted  exposure  in  the  water-bath  ; the  desiccation 
of  substances  of  this  kind  is  effected  in  the  air,  or  oil-bath. 

Fig.  1 1 represents  the  water-bath  most 
commonly  used.  It  is  made  either  of 
sheet  tiu,  or,  better,  of  sheet  copper,  and 
is  soldered  with  brass,  to  adapt  it  for  use 
also  as  an  oil-bath  (in  which  case  a ther- 
mometer  is  fixed  into  « bv  a cork). 
The  engraving  renders  a detailed  expla- 
nation  unnecessary.  The  inner  space,  c, 
is  surrounded  on  five  sides  by  the  outer  case  d e,  without  communicating 
with  it.  The  object  of  the  apertures  g and  h is  to  effect  change  of  air, 
which  purpose  they  ans  wer  sufficiently  well.  When  it  is  intended  to  use 
the  apparatus,  the  outer  case  is  filled  to  about  one-half  with  water,  and 
the  aperture  a is  closed  with  a perforated  cork,  into  which  a glass  tube  is 
fitted ; the  aperture  b is  entirely  closed.  If  the  apparatus  is  intended  to 
be  heated  over  charcoal,  or  gas,  it  should  have  a length  of  about  22  eenti- 
meters  from  d to  f ; but  if  over  a spirit-lamp,  or  an  oil-lamp,  it  should  be 
only  about  13  centimeters  long.  The  substances  to  be  dried  are  put  on 
double  watch-glasses,  laid  one  within  the  other,  and  which  are  then  placed 
in  the  inner  space,  c.  In  the  subsequelit  process  of  weighiug,  the  upper 
glass,  which  contains  the  substance,  is  covered  with  the  lower  one.  The 
glasses  must  be  quite  cold  before  they  are  placed  on  the  scale.  In  cases 
where  we  have  to  deal  with  liygroscopic  substances,  the  re-absorption  of 
water  upon  coolingis  prevented  by  the  selection  of  close  fitting  glasses,  which 
are  held  tight  together  by  a clasp,  and  allowed  to  cool  with  their  contents 
under  a bell-glass  over  sulpliuric  acid  (see  Fig.  9).  These  latter  instructions 
apply  equally  to  the  process  of  drying,  conducted  in  other  apparatus. 

The  clasps  used  for  keeping  the  watch-glasses  pressed  together — and 
which  in  all  cases  where  it  is  intended  to  ascertain  the  loss  of  weiglit  which 
a substance  suffers  on  desiccation,  are  to  be  looked  upon  as  part  and  parcel 
of  the  glasses,  and  must  accordingly  be  weighed  with  them — are  con- 
structed  of  two  strips  of  thin  brass  plate,  about  ten  centimeters  long,  and 
one  centimeter  wide,  which  are  laid  the  one  over  the  other,  and  soldered 
together  at  the  ends,  to  the  extent  of  5 to  6 millimeters.  The  following 
apparatus  serve  for  drying  substances  in  a current  of  air. 
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In  Fig.  12  the  current  is  caused  by  beating  the  air,  which  renders  this 

a b is  a case  of  sheet  cop- 
per,  or  sheet  tin,  into  which 
the  canal  c d is  soldered ; 
the  latter  communicates  with 
the  chimney  e f ; this  is 
surrounded  on  three  sides  by 
the  cover  g h,  which  again 
communicates  with  a b.  The 
cover  has  no  opening  at  tlie 
top.  At  i we  have  a round 
aperture,  leading  into  the 
canal,  and  which  may  be 
closed  with  a cork  ; l k is  provided  with  a well-fitting  sliding  lid  running 
in  grooves. 

The  Operation  is  commenced  by  filling  the  case  ab  to  one  half  with 
water,  through  the  aperture  m — the  aperture  n,  which  serves  to  let  off  the 
water,  being  closed  with  a cork — and  heat  is  then  applied  to  raise  the 
temperature  of  the  water  to  the  boiling-point.  The  watch-glasses  with  the 
substances  to  be  dried  are  placed  into  the  hollows  of  the  sliding  shelf,  B, 
and  the  latter  is  introduced  into  the  canal  c d at  / h,  which  is  then  closed 
by  the  sliding  lid. 

The  air  in  the  canal,  beeoming  heated  by  the  surrounding  steam,  ascends, 
and  the  cold  atmospheric  air  passing  in,  through  the  aperture  i,  over  the 
drving  substances,  carries  away  with  it  the  evaporating  moisture.  There 
is  a slight  disadvantage  attending  this  mode  of  proceeding,  viz.,  the  cold 
air  which  passes  through  i keeps  the  drying  substances  always  a little 
below  212°  ; this  may  be  easily  remedied,  however,  by  conducting  the  air, 
in  the  first  place,  through  a long  tube  running  along  under  the  bottom  of 
the  canal  down  to  l /c,  and  returning  thence  to  the  other  extremity,  where 
it  is  finally  fitted  into  i ; this  tube  must  be  soldered  in  its  wdiole  length 
to  the  outer  lower  surface  of  the  canal.  The  air  conveyed  through  this 
tube  is  thus  heated  to  212°  before  coming  into  contact  witli  the  dry- 
ing substance.  This  tube  has  been  omitted  from  the  engraving,  to  avoid 
confusion. 

To  render  the  apparatus  still  more  useful,  round  holes  of  different  sizes 
may  be  cut  in  the  top  of  the  case ; these  holes,  for  which  proper  covers 
must  be  provided,  serve  for  the  reception  of  small  evaporating  dishes. 
The  aperture  m may,  in  that  case,  be  omitted,  as  the  water  may  be  poured 
in  through  one  of  the  holes.  This  apparatus  may  be  from  20  to  30  cen- 
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timeters  long,  and  about  10  centimeters  deep.  The  canal  should  be  5 
centimeters  wide,  and  2’ 5 centimeters  deep. 

If  it  be  desirable  to  create  a stronger  draught  of  air  tban  that  pro- 
duced  by  tlie  little  cliimney,  air  which  bas  previously  been  transmitted 
through  sulphuric  acid,  or  through  a chloride  of  calcium  tube,  may  be 
blown  into  i by  means  of  a gasometer,  or  an  india-rubber  balloon,  or 
some  other  contrivance. 

If  a higher  temperature  than  that  of  boiling  water  berequired,  the  outer 
(copper)  case  is  filled  with  oil,  and  the  temperature  determined  by  a ther- 
mometer,  fixed  into  m by  a cork. 


Fig.  13. 


In  the  apparatus  represented  in  Fig.  1 3,  the  current  of  air  is  produced 
by  an  aspirator. 

a represents  a flask  filled  to  one-third  with  concentrated  sulphuric  acid  ; 
c a glass  vessel,  commonly  called  a Liebig’s  drying  tube  ; and  d a tin 
vessel,  provided  with  a stop-cock  at  e,  and  arranged  iu  other  respects  as 
the  engraving  sliows. 


Fig.  14  represents  a small  tin  vessel,  containing  water, 
and  covered  with  a lid  ; two  apertures,  a and  b,  are 
cut  into  the  border  of  the  latter,  to  receive  the  ascend- 
Fig.  14.  ing  limbs  of  c. 

The  substance  intended  for  drying  is  accurately  weighed,  and  placed 
in  the  tube  c,  the  exact  weight  of  which  has  been  previously  ascer- 
tained;  c is  then  suspended  in  the  vessel  represented  in  Fig.  14, 
and  the  water  contained  in  the  latter  is  heated  to  boiling,  by  means  of 
a spirit-lamp,  or  gas ; the  tin  vessel  d is  then  filled  with  water,  and  c 
connected  with  the  flask  a by  the  perforated  cork  g , and  with  d by  means 
of  a caoutchouc  tube  /.  If  tlie  stop-cock  e be  now  opened  so  as  to  cause 
the  water  to  flow  from  d,  the  air  will  pass  through  the  tube  h into  a ; 
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its  moisture  will  be  retained  by  the  sulphuric  acid,  and  the  dry  air  will 
then  pass  over  the  substance  in  c.  After  the  Operation  has  been  con- 
tinued  for  some  time,  it  is  interrupted  for  the  purpose  of  weighing  the 
tube  c and  its  contents,  and  then  resumed  again,  and  continued  until  the 
weight  of  c (and  its  contents)  remains  stationary.  The  current  of  cold  air, 
exercising  its  constant  cooling  action  upon  the  drying  substance,  the  latter 
never  really  reaches  a temperature  of  212°.  It  is,  therefore,  sometimes 
advisable  to  substitute  for  the  water  in  Fig.  14  a saturated  solution  of 
common  salt. 

With  this  Substitution,  the  apparatus  represented  in  Figs.  13  and  14 
will  be  found  to  effect  its  purpose  the  most  expeditiously.  It  is  not 
adapted,  however,  for  drying  such  substances  as  have  a tendency  to  fuse 
at  212°. 

It  has  been  stated  above  that  many  substances  do  not  lose  their  moisture 
completely  at  212°,  but  require  for  their  perfect  desiccation  from  230°  to 
250°,  and  still  higher  temperatures.  The  drying  of  such  substances  is 
effected  in  the  oil-bath,  or  in  the  air-bath. 

Figs.  1 5 and  1 6 represent  two  air-baths  of  the  simplest  construction  ; 
the  former  (Fig.  15)  adapted  for  the  simultaneous  drying  of  several  sub- 
stances, the  latter  more  particularly  suited  for  the  desiccation  of  a single 
substance. 


Fig.  15. 


a b is  a case  of  strong  sheet 
copper,  soldered  with  brass,  of  a 
width  and  depth  of  1 5 to  20  cen- 
timeters,  and  of  a heiglit  corres- 
ponding.  The  aperture  c is  in- 
tended  to  receive  a perforated 
cork,  into  which  is  fixed  a ther- 
mometer  d,  which  reaches  into  the 
interior  of  the  case ; e is  a wire 
stand,  on  which  are  placed  the 
watch-glasses  with  the  substances 
to  be  dried.  The  case  is  lieated 
by  means  of  a spirit  or  oil-lamp,  or 
by  gas.  When  the  temperature  has 
once  reached  the  intended  point, 
it  is  easy  to  maintain  it  pretty 
constant,  by  regulating  the  flame. 


In  order  to  lessen  as  much  as  possible  the  chance  of  cooling  from  with- 
out,  it  is  advisable  to  put  over  the  whole  apparatus  a pasteboard  cover  writh 
a moveable  front. 

By  having  round  holes,  about  two  centimeters  in  diameter,  cut  into  the 
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side  walls  of  the  case,  the  apparatus  may  be  made  useful  also  for  the  drv- 
ing  of  substances  in  bulbs.  The  ends  of  the  tubes  are  fitted  into  tbe  aper- 
tures  by  corks  ; tbe  requisite  change  of  air  is  brought  about  by  an  aspi- 
rator.  (Compare  Fig.  13.) 

a is  a box  of  strong  sheet  copper,  about  11 
centimeters  high,  and  9 centimeters  in  diame- 
ter.  The  box  is  closed  with  the  loose-fitting 
cover  b , which  is  provided  with  a narrow  rim, 
and  has  two  apertures,  c and  e.  c is  intended 
to  receive  the  thermometer  d,  which  is  fitted 
into  it  by  a perforated  cork.  e affords  an  exit 
to  the  aqueous  vapors,  and  is,  according  to  circum- 
stances,  either  left  open,  or  loosely  closed.  Tn 
the  interior  of  the  box,  about  half  way  up,  are 
fixed  three  pegs,  supporting  a triangle  of  mode- 
rately  stout  wire,  upon  which  the  crucible  with 
the  substance  is  placed  uncovered.  The  ball  of 
the  thermometer  approaches  the  crucible  as  close 
as  possible,  but  without  touching  the  triangle.  The  heating  is  effected 
by  means  of  a gas,  or  spirit-lamp.  When  the  apparatus  has  cooled  suffi- 
ciently  to  allow  its  being  laid  hold  of  without  inconvenience,  the  lid  is 
removed,  the  crucible,  which  is  still  warm,  taken  out,  covered,  and  put 
under  a bell-glass,  over  sulphuric  acid,  and  finally  weighed  when  cold. 

In  the  air-bath  illustrated  by  Fig.  17,  the  drying  is  promoted  by  alter- 
nate  exhaustion  and  re-admission  of  air. 


Fig.  17. 

a represents  a vessel  of  strong  sheet  copper,  soldered  with  brass,  and 
provided  with  two  apertures  at  the  top  ; b is  a small  glass  tube,  containing 
the  substance  intended  for  desiccation ; c a thermometer  ; d a tube  with 
ehloride  of  calcium  ; e an  exhausting  syringe. 
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The  Operation  is  commenced  by  heating  a to  tlie  desired  degree  ; b and 
d are  then  exhausted  by  working  the  syringe.  After  the  lapse  of  a few 
minutes,  fresli  air  is  re-admitted  tbrougb  the  stop-cock  f,  and  which, 
passing  over  the  chloride  of  calcium  in  d,  is  completely  freed  from 
moisture.  The  same  process  of  alternate  exhaustion,  and  re-admission  of 
air  is  repeated  over  and  over  again,  until  the  interior  of  the  tube  g ceases 
to  exliibit  even  the  faintest  trace  of  moisture,  when  cooled  by  the  appli- 
cation  of  cotton  saturated  with  ether. 

Tliis  apparatus  may  also  be  used  as  an  oil-bath ; however,  the  appa- 
ratus  represented  in  Fig.  1 1 is  more  commonly  employed  for  that  pur- 
pose.  Vegetable  lamp-oil  should  be  used  for  the  oil-bath. 

e.  Substances  which  suffer  no  alteration  at  a red  heat,  such  as  sulphate 
of  baryta,  chloride  of  sodium,  &c.,  are  very  readily  freed  from  moisture. 
They  need  simply  be  heated  in  a platinum,  or  porcelain  crucible  over  a 
spirit-lamp  until  the  desired  end  is  attained.  The  crucible,  having  first 
been  allowed  to  cool  a little,  is  put,  still  hot,  under  a bell-glass,  over 
sulphuric  acid,  and  finally  weighed  when  cold. 


III.  GENERAL  PROCESS  IN  QUANTITATIVE  ANALYSES. 

§ 16. 

It  is  important,  in  the  first  place,  to  observe,  that  we  embrace  in  the 
following  general  analytical  method  only  the  analysis  and  quantitative 
estimation  of  the  metals,  and  their  combinations  with  the  metalloids,  and 
the  inorganic  acids  and  salts.  With  respect  to  the  quantitative  analysis 
of  otlier  Compounds,  it  is  not  easy  to  lay  down  a universally  applicable 
method,  except  that  their  respective  constitutents  usually  require  to  be 
converted  first  into  acids,  or  bases,  before  their  Separation  and  quantitative 
estimation  can  be  attempted ; tliis  is  the  case,  for  instance,  with  sulphide 
of  phosphorus,  chloride  of  sulphur,  chloride  of  iodine,  sulphide  of  nitro- 
gen,  &c. 

As  has  already  been  observed  before,  the  quantitative  analysis  of  a sub- 
stance  presupposes  an  accurate  knowledge  of  the  nature  and  properties  of 
the  same,  and  of  its  several  constitutents  ; as  tliis  will  enable  the  operator 
at  once  to  decide  whether  the  direct  quantitative  estimation  of  cach 
individual  constitutent  be  necessary,  or  not ; and,  consequcntly,  whether 
he  need  operate  only  on  one  sample  of  the  substance,  or  whether  he  has 
to  determine  in  several  different  portions  respectively,  the  relative  amount 
of  each  individual  constitutent.  Let  us  suppose,  for  instance,  we  have  a 
mixture  of  chloride  of  sodium  and  anhydrous  sulphate  of  soda,  and  wish 
to  ascertain  the  exact  proportion  in  which  each  of  these  two  substances 
is  contained  in  the  mixture.  Here  it  would  be  superfluous  to  determine 
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directly  the  proportional  amount  of  every  individual  constituent,  since 
the  determination  either  of  the  quantity  of  the  chlorine,  or  of  the  sul- 
phuric  acid,  is  quite  sufhcient  to  answer  the  purpose ; still  the  double 
estimation  of  botli  the  chlorine,  and  the  sulphuric  acid,  will  afiford  us 
an  infallible  control  for  the  correctness  of  our  analysis  ; since  the  united 
weights  of  these  two  substances,  added  to  the  known  proportion  of  their 
respective  equivalents  of  sodium,  and  soda,  must  be  equal  to  the  weight  of 
the  analysed  portion  of  the  mixture. 

This  double  estimation  may  be  made,  in  this  instance,  either  in  one  and 
the  same  sample  of  the  mixture,  by  first  precipitating  the  sulphuric  acid 
with  nitrate  of  baryta,  and  subsequently  the  hydrochloric  acid  from  the 
filtrate,  with  solution  of  nitrate  of  silver  ; or  a separate  portion  of  the  mix- 
ture may  be  appropriated  to  each  of  these  two  operations.  The  latter 
method,  w'henever  it  is  at  all  applicable,  is  preferable  to  the  former,  in 
cases  where  we  have  to  deal  with  perfectly  homogeneous  substances ; and 
where  we  have  a sufficient  quantity  of  substance  to  act  upon.  It  is  more 
convenient  than  the  former  method,  and  leads  to  more  accurate  results, 
since  when  operating  upon  one  and  the  same  sample  of  a substance,  the 
unavoidable  washing  of  the  first  precipitate  swells  the  amount  of  liquid  so 
considerably,  that  the  analysis  is  thereby  protracted,  and,  moreover,  loss 
of  substance  less  easily  guarded  against. 

We  will  now  proceed  to  describe  the  various  operations  constituting  the 
actual  process  of  quantitative  analysis. 


§ 17. 

1.  WEIGHING  OF  THE  SUBSTANCE. 

The  amount  of  matter  required  for  the  quantitative  analysis  of  a sub- 
stance depends  upon  the  nature  of  its  constitutents ; it  is,  therefore, 
impossible  to  lay  down  rules  for  guidance  on  this  point.  One  half 
gramme  of  chloride  of  sodium,  and  even  less,  is  sufficient  to  effect  the  esti- 
mation of  the  chlorine  in  it.  For  the  quantitative  analysis  of  a mixture  of 
common  salt,  and  sulphate  of  soda,  one  gramme  will  suffice  ; whereas, 
in  the  case  of  ashes  of  plants,  complex  minerals,  &c.,  three,  or  four  grammes, 
and  even  more,  are  required.  The  average  quantity  of  substance  required 
for  the  purposes  of  quantitative  analysis  may,  accordingly,  be  said  to  ränge, 
in  most  cases,  between  one,  and  four  grammes. 

The  greater  the  amount  of  substance  operated  upon,  the  more  accurate 
will  be  the  results  of  the  analysis  ; the  less  the  amount,  the  less  time  will 
be  required  for  the  performance  of  the  Operation.  We  would  advise  the 
Student  to  endeavour  to  combine  accuracy,  with  economy  of  time.  The  less 
substance  he  takes  to  operate  upon,  the  more  carefully  he  ought  to  weigh  ; 
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the  larger  the  amount  of  substance,  the  less  harm  can  result  from  slight 
inaccuracies  in  weighing.  For  largish  cjuantities  of  substance,  the  accuracy 
of  weighing  may  be  safely  limited  to  within  about  one  milligramme ; for 
minute  quantities,  to  about  ^ a milligramme. 

If  several  different  quantities  of  a substance  are  to  be  operated  upon, 
the  best  way  is  to  weigh  off  the  several  portions  successively  ; which 
may  be  accomplished  most  readily  by  weighing  in  a glass  tube,  or  other 
appropriate  vessel  of  known  weight,  the  whole  amount  of  substance 
intended  to  be  devoted  to  the  analytical  process.  Out  of  this  tube  the 
portions  required  for  the  several  operations  are  taken,  and  the  weight  is 
ascertained  each  time  from  the  diminution  in  the  weight  of  the  tube 
(compare  § 10,  5). 


§ 18. 

2.  ESTIMATION  OF  THE  AMOUNT  OF  WATER  CONTAINED  IN  A 

SUBSTANCE. 

If  the  substance  to  be  examined  contains  water,  it  is  usual,  in  the  great 
majority  of  cases,  to  begin  by  determining  the  amount  of  this  water. 
This  Operation  is  generally  simple ; in  some  instances,  however,  it  lias  its 
difficulties.  This  depends  upon  various  circumstances,  viz.,  whether  the 
compounds  intended  for  analysis  yield  their  water  readily  or  not ; 
whether  they  can  bear  a red  heat  without  suffering  decomposition,  or 
whether,  on  the  contrary,  they  give  off  other  volatile  substances,  besides 
water,  even  at  a lower  temperature. 

The  correct  knovoleilye  of  the  Constitution  of  a substance  depends 
frequently  upon  the  accurate  estimation  of  the  quantity  of  water  contained 
in  it ; in  many  cases — for  instance,  in  the  analysis  of  the  salts  of  known 
acids — the  estimation  of  the  amount  of  water  contained  in  the  analysed 
compound  suffices  to  enable  us  to  deduce  the  formula.  The  estimation  of 
the  amount  of  water  contained  in  a substance,  is,  therefore,  one  of  the 
most  important,  as  well  as  most  frequently  occurring  operations  of  quanti- 
tative analysis.  The  proportion  of  water  contained  in  a substance  may  be 
determined  in  two  ways,  viz.,  1,  from  the  diminution  of  weight  consequent 
upon  the  expulsion  of  the  water ; 2,  by  weighing  the  amount  of  water  ex- 
pelled. 


A.  ESTIMATION  OF  THE  W AT E R FROM  THE  LÖSS  OF  WEIGHT  CON- 
SEQUENT  UPON  ITS  EXPULSION. 

This  method,  on  account  of  its  simplicity,  is  almost  invariably  resorted 
to  in  quantitative  analysis,  except  in  cases  where  it  is  inapplicable,  from 
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the  nature  of  the  substance  examined.  The  modus  operandi  depends  upon 
the  nature  of  the  substance  under  examination. 

a.  The  substance  bears  a red  heat,  without  losing  any  other  constituent, 
than  water , and  without  absorbing  oxygen. 

The  substance  is  weighed  in  a platinum,  or  porcelain  crucible,  which  is 
then  lieated  over  the  flame  of  a gas,  or  spirit-lamp,  very  gently  at  first,  but 
increasing  gradually  to  the  desired  point.  When  the  crucible  has  been 
maintained  some  time  at  a red  heat,  it  is  removed  from  the  flame,  let  cool 
a little,  put  still  warm  under  the  bell-glass,  and  finally  weighed  when  cold. 
The  same  Operation  is  then  repeated,  and  the  w'eight  again  ascertained. 
If  no  further  diminution  of  weight  has  taten  place,  the  process  is  at  an 
end,  the  desired  object  being  fully  attained.  But  if  the  weight  is  less 
than  after  the  first  heating,  the  Operation  must  be  repeated  until  the 
weight  remains  perfectly  stationary. 

In  the  case  of  silicates,  the  heat  must  be  raised  to  a very  high  degree, 
since  many  of  them  {e.g.  talc,  steatite,  nephrite),  begin  only  at  a red  heat 
to  give  off  water,  and  require  a yellow  heat  for  the  complete  expulsion 
of  tliat  constituent.  ( Scheerer , in  Liebig  and  Kopp’s  Annual  Report  for 
1851). 

In  the  case  of  substances  that  have  a tendency  to  puff  up,  or  to  spirt,  a 
small  glass  flask  may  sometimes  be  advantageously  substituted  for  the 
crucible.  Care  must  be  taken  to  remove  the  least  traces  of  aqueous  vapor 
from  the  vessel,  by  suction  through  a glass  tube. 

Decrepitating  salts  (chloride  of  sodium,  for  instance)  are  put — finely  pul- 
verized  if  possible — in  a small  covered  platinum  crucible,  wdiich  is  then 
placed  in  a large  covered  crucible,  and  a gentle  heat  applied,  which  is 
gradually  increased  to  the  requisite  degree. 

ß.  The  substance  does  not  yield  other  constituents  besides  water , upon  the 
application  of  a red  heat ; but  it  has  a tendency  to  absorb  oxygen  (as 
many  proto-salts  of  iron,  for  instance) . 

The  substance  is  put  into  the  bulb  of  a bulb-tube,  made  of  difficultly 
fusible  glass,  and  gradually  heated  to  redness,  wliilst  a slow  current  of 
carbonic  acid  gas,  dried  previously  by  transmission  through  sulphuric  acid, 
is  kept  passing  through  the  tube  ; the  substance  is  maintained  at  a red 
heat,  until  the  complete  expulsion  of  the  water  is  accomplished  ; it  is  then 
allowed  to  cool  in  the  bulb,  the  transmission  of  the  carbonic  acid  gas  being 
continued  all  the  while  ; when  cold,  the  substance  is  weighed.  The  water 
expelled  may  readily  be  collected  in  a chloride  of  calcium  tube  provided 
with  an  empty  bulb  at  the  fore-part,  which  will  afiford  a means  of  Con- 
trolling the  result  obtained.  (Compare  § 19.) 
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y.  The  substatice  loses  other  constituents  besides  water,  upon  the  ap- 

plication  of  a red  heat  ( carbonic  acid,  sulphuric  acid,  ßuoride  of 

Silicon , §'c.) 

Ilere  the  analyst  has  to  consider,  in  the  first  place,  whether  the  water 
may  not  he  expelled  at  a lower  degree  of  heat,  which  does  not  involve 
the  loss  of  other  constituents.  If  this  may  be  done,  the  substance  is 
heated  either  in  the  water-bath,  or  where  a higher  temperature  than  212° 
is  required,  in  the  air-bath,  or  oil-bath,  the  temperature  being  regulated  by 
the  thermometer.  The  expulsion  of  the  water  may  be  promoted,  if  neces- 
sary,  or  desirable,  by  the  co-operation  of  a current  of  air ; or  by  the 
addition  of  pure  dry  sand  to  the  substance,  to  keep  it  more  porous 
(Ann.  der  Chemie  und  Pharm.  53,  233).  The  process  must  be  continued 
under  these  circumstances  also,  until  the  weight  remains  perfectly  sta- 
tionary. 

In  cases  where,  for  some  reason  or  other,  a degree  of  heat  below  redness 
is  insufficient  to  effect  the  purpose  in  view,  the  aualyst  has  to  consider 
whether  the  desired  end  may  not  be  attained,  at  a red  heat,  by  adding  some 
substance  that  will  retain  the  volatile  constituent,  whose  loss  is  apprehended. 
Thus,  for  instance,  the  crystallized  sulphate  of  alumina  loses  at  a red  heat, 
besides  water,  also  sulphuric  acid ; now,  the  loss  of  the  latter  constituent 
may  be  guarded  against,  by  adding  to  the  sulphate  an  excess  (about  six 
times  the  quantity)  of  finely  pulverized,  recently  heated,  pure  oxide  of 
lead.  But  the  addition  of  this  substance  will  not  prevent  the  escape  of 
fluoride  of  Silicon  from  silicates,  wlien  exposed  to  a red  heat  (List.  Ann. 
d.  Chemie  und  Pharm.  81,  189). 

The  amount  of  water  in  iodine  of  commerce  may  be  determined  by 
mixing  the  iodine  with  eight  times  the  quautity  of  mercury,  and  dry- 
ing  the  mixture  at  212°  ( Bolley . Dingler’s  Polytechnic  Journal,  126, 
39). 

8.  The  substance  contains  several  distinct  proportions  of  water,  requiring 
different  degrees  of  temperature  for  their  expulsion. 

Substances  of  this  nature  are  heated  first  in  the  water-bath,  until  their 
weight  remains  stationary  ; they  are  then  exposed  in  the  oil,  or  air-bath  to 
temperatures  of  302°,  392°,  or  482°,  &c.,  successively ; and  finally  heated 
to  redness  over  the  flame  of  a spirit-lamp,  or  over  gas. 

In  this  manner  differently  combined  equivalents  of  water  may  be  dis- 
tinguished,  and  their  respective  quantities  correctly  estimated.  Thus,  for 
instance,  the  common  perphospliate  of  iron,  dried  over  sulphuric  acid,  con- 
tains 13  equivalents  of  water,  6 of  which  volatize  at  212°,  4 at  between 
392°  and  572°,  and  3,  finally,  at  a red  heat. 
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B.  ESTIMATION  OF  THE  WATER  BY  COLLECTING  THE  SAME  UPON  ITS 
EXPULSION,  AND  ASCERTAINING  ITS  WEIGHT. 

This  method  is  resorted  to  in  the  case  of  substances  that  lose  some 
otber  constituent,  at  a red  heat,  besides  tbeir  water,  and  wbich  cannot  be 
retained  even  by  tbe  addition  of  some  other  substance  ( e . g.  carbonic  acid, 
oxygen)  ; and  sometimes  also  to  control  and  verify  tbe  results  obtained 
by  one  of  tbe  metbods  described  sub  A.  The  principle  of  the  method  is 
to  expel  tbe  water  by  tbe  application  of  a red  heat,  so  as  to  admit 
of  tbe  condensation  of  tbe  aqueous  vapor,  and  tbe  collection  of  the 
Condensed  water  in  an  appropriate  apparatus,  or  tbe  passing  of  the 
same  over  some  hygroscopic  substance  of  accurately  known  weight.  The 
increase  in  the  weight  of  this  apparatus  represents  tbe  quantity  of  the  water 
expelled. 

Tbe  Operation  may  be  conducted  in  various  ways ; the  following,  how- 
ever,  is  one  of  the  most  appropriate  : — 


Fig.  18. 


B represents  a gasometer  filled  witb  air ; b a flask  half  filled  with  con- 
centrated  sulpburic  acid  ; c and  a o are  Chloride  of  calcium  tubes  ; d is  a 
glass  tube  expanded  in  tbe  middle  into  a bulb. 

Tbe  substance  intended  for  examination  is  accurately  weigbed  in  the 
perfectly  dry  tube  d,  wbich  is  tben  connected  with  c and  tbe  accurately 
weigbed  chloride  of  calcium  tube  a o,  by  means  of  sound,  and  well-dried 
perforated  corks. 

Tbe  Operation  is  now  commenced  by  opening  tbe  stop-cock  e a little,  to 
allow  tbe  air,  wbich  loses  all  its  moistuie  in  its  passage  through  b and  c, 
to  pass  slowly  through  d ; tbe  tube  d is  tben  heated  to  beyond  the  boiling- 
point  of  water,  by  the  application  of  tbe  flame  of  a spirit-lamp  at  the 
point  fy  taking  care,  always,  not  to  bum,  or  singe  tbe  cork  ; and  finally, 


ESTI MATION  OF  WATER. 


§ 19.] 


4it 


the  bulb  of  d,  which  contains  the  substance,  is  exposed  to  a slight  red 
heat,  the  temperature  at  f being  maintained  meanwhile  at  the  point  in- 
dicated.  "When  the  expulsion  of  the  water  has  been  accomplished,  the  air 
is  allowed  to  pass  a few  instants  longer  through  the  apparatus,  which  is  tlien 
taken  asunder,  and  the  chloride  of  calcium  tube  a o accurately  weighed 
when  cold.  The  increase  in  the  weight  of  this  tube  represents  the  quantity 
of  water  originally  present  in  the  substance  examined. 

The  empty  bulb  a,  in  which  the  greater  portion  of  the  water  collects, 
has  not  only  for  its  object  to  prevent  the  liquefaction  of  the  chloride  of 
calcium,  but  enables  the  analyst  also  to  test  the  Condensed  water  as  to  its 
reaction,  and  purity. 

The  expulsion  of  the  aqueous  vapour  from  the  tube  containing  the 
substance  under  examination,  into  the  chloride  of  calcium  tube,  may  be 
effected  also  by  other  means  than  a current  of  air  supplied  by  a gasometer; 
viz.,  the  substance,  the  amount  of  water  of  which  it  is  wished  to  determine, 
may  be  heated  to  redness  in  a perfectly  dry  tube,  together  with  carbonate 
of  lead,  since  the  carbonic  acid  of  the  latter,  escaping  at  a red  heat,  serves 
here  the  same  purpose  as  a stream  of  air.  This  method  is  principally  ap- 
plied in  cases  where  it  is  desirable  to  retain  an  acid  which  otherwise  would 
volatilize  together  with  the  water ; thus,  it  is  applied,  for  instance,  for  the 
direct  estimation  of  the  water  contained  in  the  bisulphate  of  potassa,  &c. 


Fig.  19. 

Fig.  19,  represents  the  apparatus  used  for  the  application  of  this 
method. 

a b is  a common  combustion  furnace ; cf  a tube  filled  from  c to  d with 
carbonate  of  lead,  which  has  been  heated  to  incipient  decomposition,  and 
cooled  subsequently,  in  a close  tube ; from  d to  e is  placed  the  substance 
to  be  analysed,  intimately  mixed  with  carbonate  of  lead ; and  from  e to  f 
again  pure  carbonate  of  lead.  The  chloride  of  calcium  tube  g,  being  ac- 
curately weighed,  is  connected  with  the  tube  c f,  by  means  of  a well-dried 
perforated  cork  f. 

The  Operation  is  commenced  by  surrounding  the  tube  c f with  iguited 
charcoal,  advancing  from  f towards  c ; the  fore  part  of  the  tube  which 
protrudes  from  the  furnace,  should  be  maintained  at  a degree  of  heat 
which  barely  permits  the  operator  to  lay  hold  of  it  with  his  fingers.  All 
further  particulars  of  this  Operation  will  be  found  below  in  the  chapter  on 
organic  elementary  analysis.  The  mixing  of  the  carbonate  of  lead  with 
the  substance  to  be  analysed  is  performed  best  with  a piece  of  wire.  The 
tube  c f may  be  short  and  narrow. 

These  methods  of  the  direct  estimation  of  water,  do  not,  however,  vet 
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suffice  for  all  cases  in  which  those  described  in  § 18,  are  inapplicable; 
namely,  they  can  be  employed  with  success  only  if  tlie  substances  evolved 
simultaneously  with  the  water,  are  such  as  will  not  condense  wholly  or 
partly  in  tlie  cliloride  of  calcium  tube,  or  in  a potassa  tube,  wliich  might 
be  substituted  for  the  latter.  Thus  they  are  perfectly  well  adapted  for 
determining  the  amount  of  water  in  the  basic  carbonate  of  zinc,  but  they 
cannot  be  applied  to  determinethe  amount  of  water  in  sulphate  of  soda  and 
ammonia.  With  substances  like  the  latter,  we  must  either  have  recourse 
to  the  processes  of  organic  elementary  analysis,  or  we  must  rest  satisfied 
with  the  indirect  estimation  of  the  water. 


§ 20. 

3.  SOLUTION  OF  SUBSTANCES. 

Before  pursuing  the  analytical  process  further,  it  is  in  most  cases 
necessary  to  dissolve  the  substance  under  examination.  This  Operation  is 
simple  where  the  substance  to  be  analysed  may  be  dissolved  by  the  direct 
action  of  water,  or  acids,  or  alkalies,  &c.,  upon  it ; but  it  is  more  com- 
plicated  in  cases  where  we  have  to  operate  upon  substances  requiring  flux- 
ing  as  an  indispensable  preliminary  to  their  solution. 

When  we  have  mixed  substances  to  operate  upon,  the  several  component 
parts  of  which  respectively  comport  themselves  differently  with  solvents,  it 
is  not  by  any  means  necessary  to  dissolve  the  whole  substance  in  mass ; 
on  the  contrary,  the  Separation  may,  in  such  cases,  be  effected  in  the  most 
simple,  and  expeditious  manner  by  the  successive  application  of  the  different 
solvents  required.  Thus,  for  instance,  a mixture  of  nitrate  of  potassa,  car- 
bonate of  lime,  and  sulphate  of  baryta,  may  be  readily  and  accurately  sepa- 
rated  into  these  three  salts  by  dissolving  out,  in  the  first  place,  the  nitrate 
of  potassa  with  water,  and  subsequentlv  the  carbonate  of  lime  by  hydro- 
chloric  acid,  leaving  the  insoluble  sulphate  of  baryta  behind. 

§ 21. 

a.  DIRECT  SOLUTION. 

The  direct  solution  of  substances  is  effected,  according  to  circumstances, 
either  in  beaker-glasses,  or  in  flasks,  or  dishes,  and  may,  if  necessary, 
be  promoted  by  the  application  of  heat ; for  which  purpose  the  water-hath 
will  be  found  to  answ'er  best.  In  cases  where  an  open  fire,  or  the  sand- 
bath  is  resorted  to,  the  analyst  must  take  care  to  guard  against  actual 
ebullition  of  the  fluid,  since  this  would  render  it  next  to  impossible  to 
avoid  loss  of  substance  from  spirting  of  the  liquid.  Fluids  containing 
a sediment,  either  insoluble,  or,  at  least,  undissolved,  will  often  spirt 
even  at  temperatures  falling  far  short  of  the  boiling-point. 

In  cases  where  the  solution  of  a substance  is  attended  with  evolution 
of  gas,  the  process  is  effected  in  a flask,  placed  in  a sloping  position. 
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that  the  spirting  drops  may  be  thrown  against  the  walls  of  the  vessel,  and 
thus  secured  from  beiug  carried  off  with  the  stream  of  the  evolved  gas  ; 
or  it  may  be  effected  in  a beaker-glass,  covered  over  with  a large  sized 
watch-glass,  or  porcelain  dish,  which,  after  the  solution  is  effected,  and  the 
gas  expelled  by  heating  in  the  water-bath,  must  be  thoroughly  rinsed 
with  the  wash  bottle. 

§ 22. 

b.  DE  COM  POSITION  BY  FLUXING. 

Accordins:  to  the  nature  and  constituents  of  the  substance  which  it 
iswislied  to  render  soluble,  we  use  as  a flux  carbonate  of  soda,  or  carbonate 
of  soda  and  potassa,  carbonate  of  baryta,  or  hydrated  baryta,  bisulphate  of 
potassa,  or  some  other  body.  As  a general  rule,  carbonate  of  soda  and 
carbonate  of  soda  and  potassa,  serve  as  fluxes  for  heavy  spar,  celestine, 
gypsum,  and  also  for  siliceous  mineral«,  either  free  from  alkali,  or  in  which 
we  do  not  want  to  determine  the  alkali  they  may  contain.  Carbonate  of 
baryta  and  hydrated  baryta  serve  to  decompose,  in  the  dry  way,  siliceous 
compounds  containing  one,  or  several  alkalies,  in  cases  where  the  estima- 
tion  of  the  latter  is  the  object  which  we  have  in  view  ; the  bisulphate 
of  potassa  is  particularly  well  adapted  for  the  fluxing  of  certain  alumina 
compounds  insoluble  in  hydrochloric  acid. 

In  almost  every  case  of  decomposition  by  fluxing,  it  is  indispensable  to 
reduce  the  substance  to  be  operated  upon  to  the  very  highest  degree  of 
comminution,  by  levigation,  and  elutriation  ; if  tliis  preliminary  Operation 
be  imperfectly  performed,  complete  decomposition  can  never  be  reasonably 
expected. 


a.  FLUXING  WITH  CARBONATE  OF  SODA. 

The  pulverized  substance  to  be  fluxed  is  mixed  in  a platinum  crucible  with 
from  three  to  four  times  its  amount  of  effloresced,  and  perfectly  anhydrous 
carbonate  of  soda ; the  mixing  is  performed  with  a glass  rod,  rounded  at 
the  lower  end ; the  minute  particles  adhering  to  the  rod  are  subsequently 
wiped  off  against  a small  quantity  of  carbonate  of  soda  on  a card,  which 
is  then  likewise  put  into  the  crucible.  The  crucible  is  well  covered — 
and,  according  to  its  size,  either  exposed  to  the  flame  of  a gas  or  spirit- 
lamp with  a double  draught,  or  inserted  into  a Ilessian  crucible  compactly 
filled  with  calcined  magnesia,  and  in  tliis  state  exposed  to  a charcoal  fire. 
The  heat  applied  should  be  gentle  at  first,  but  increased  gradually  to  the 
most  intense  red  heat,  and  the  Operation  continued  for  from  half  an  hour 
to  an  hour,  when  the  mixture  will  be  found  in  a state  of  fusion,  or  at  least 
of  semi-fusion. 

In  the  fluxing  of  siliceous  minerals,  the  application  of  a moderate  heat 
is  continued  for  some  time,  in  Order  to  get  the  mineral  simply  into  a state 
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of  semi-fusion  at  first,  in  which  state  the  carbonic  acid  escapes  readily  from 
the  porous  mass,  its  evolution  being  unattended  with  spirting.  After  a 
time,  a stronger  heat  is  applied,  which  is  finally  raised  to  a very  high 
degree  of  intensity ; and  the  Operation  is  continued  until  the  mass  is  in 
a state  of  calm  fusion,  and  tlirows  up  no  more  bubbles. 

The  platinum  crucible,  in  which  the  Operation  is  effected,  must  not  be 
too  small ; the  best  way  is  to  select  it  always  of  a size  sufficient  to  hold 
double  the  quantity  of  substance  which  it  is  intended  to  fuse.  The  larger 
the  crucible,  the  less  is  the  risk  of  loss  of  substance.  The  cover  must  be 
easily  removable,  tliat  the  analyst  may  properly  watch  the  progress  of  the 
Operation  ; the  concave  lids  which  are  simply  laid  on  the  crucible  are,  there- 
fore,  preferable  by  far  to  covers  with  rims  fitting  over  the  crucible. 

For  fluxing  over  a spirit-lamp  or  over  gas,  a mixture  of  carbonate  of  soda 
and  potassa  is  preferable  to  the  simple  carbonate  of  soda,  on  account  of  its 
readier  fusibility.  The  ring  on  which  the  crucible  is  supported,  is  made  of 
iron  wire  about  two  or  three  milliineters  thick ; it  should  be  eight  centimeters 
in  diameter.  Upon  this  ring  is  laid  a triangle  of  platinum  wire,  of  the  thick- 
ness  of  stout  hair-pin  wire.  The  opening  of  the  triangle  must  be  of  a 
size  to  let  the  crucible  drop  into  it  to  fully  one-third,  but  yet  to  retain  it 
firmly,  even  with  the  wire  at  an  intense  red  heat. 

VVhere  it  is  wished  to  apply  a most  intense  heat,  the  crucible  is  placed  in 
such  a manner  as  to  make  the  bottom  lie  somewhat  higher  than  the  upper 
border  of  the  chimney  (which  on  no  account  should  be  too  narrow)  ; and  a 
second  conical  chimney  of  thin  iron  plate  is  put  over  the  crucible.  This 
chimney  is  of  the  same  widtli  at  the  lower  end  as  the  ring,  and  rests  on  the 
latter,  or  rather  on  the  three  ends  of  the  triangle  ; its  height  ranges  from 
twelve  to  fourteen  centimeters  ; the  upper  opening  may  have  a diameter  of 
about  four  centimeters.  With  the  aid  of  this  simple  contrivance,  we  may 
produce  such  high  degrees  of  heat  as  to  supersede,  in  most  cases,  the  ne- 
cessity  of  a recurrence  to  a charcoal  fire. 

The  contents  of  the  crucibles  are  treated,  when  cold,  with  water,  in 
the  case  of  the  sulphates  of  the  alkaline  eartlis,  or  with  dilute  hydrochloric 
acid  or  nitric  acid,  in  the  case  of  silicates. 

A gentle  blow,  or  pressure  on  the  crucible  will  mostly  suffice  to  effect 
the  liberation  of  the  fused  cake  from  the  bottom  and  sides.  When  we 
have  to  operate  upon  silicates,  the  fused  mass,  or  even  the  crucible  together 
with  its  contents,  is  put  into  a beaker-glass,  and  covered  with  from  ten  to  fif- 
teen  times  its  bulk  of  water  ; hydrochloric  acid  is  then  gradually  added, 
taking  care  to  cover  the  vessel  with  a glass  plate,  or,  better  still,  with  a large 
watch-glass,  or  a perfectly  clean  porcelain  dish  ; the  cover  serves  here  to 
prevent  the  loss  of  the  minute  drops  of  fluid  which  the  escaping  car- 
bonic acid  gas  is  apt  to  carry  along  with  it. 

The  solution  is  proinoted  bv  the  aid  of  a gentle  heat,  which  is  continued 
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even  for  some  time  after  a complete  solution  has  been  effected.  The  object 
of  this  latter  proceeding  is  to  expel  the  carbonic  acid  thoroughlv,  and 
thus  to  guard  against  possible  loss  by  spirting,  upon  the  subsecpient  eva- 
poration  of  the  solution.  Should  the  Üuid,  upon  the  addition  of  the  hydro- 
chloric  acid,  deposit  a powder  (chloride  of  sodium,  or  Chloride  of  potassium), 
this  is  a sign  tliat  the  quantity  of  water  used  was  insufficient,  and  that 
more  of  that  menstruum  must  be  added. 

At  the  completion  of  the  process,  the  miaute  drops  of  liquid  adhering  to 
the  glass  plate,  watch-glass,  or  porcelain  dish,  that  has  been  used  to  cover 
the  beaker-glass,  are  washed  off  into  the  solution ; and  the  crucible,  also,  is 
rinsed  with  dilute  liydrochloric  acid,  the  rinsing  heilig  likcwise  added  to 
the  solution. 

If  the  object  of  the  process  has  been  fully  attained,  the  solution  effected 
by  the  liydrochloric  acid  will  be  quite  elear,  or  light  flakes  of  silica  will 
appear  floating  in  it.  But  if  a heavy,  gritty  powder  subsides  to  the  bottom 
of  the  glass,  this  may  be  looked  upon  as  undecomposed  mineral,  the  non- 
decomposition  of  which  is  owing  mostly  to  insufficient  comminution.  The 
Sediment  may,  in  such  cases,  be  fluxed  once  more  with  carbonated  alkali ; 
it  is  better,  however,  to  recommence  the  whole  Operation  with  a fresii 
portion  of  most  thoroughly  levigated  and  elutriated  mineral. 

ß FLUXING  WITH  HYDRATE  OF  BARYTA,  OR  CARBONATE  OF  BARYTA. 

Fluxing  with  carbonate  of  baryta  requires  an  extremely  high  temperature, 
to  be  attained  only  by  a Sefström  furnace,  since  this  flux  remaius  refractory 
in  the  very  strongest  heat  obtainable  by  a common  wind  furnace  ; and  it 
is  only  in  a state  of  fusion  that  it  effects  complete  decomposition.  But, 
once  in  fusion,  the  power  of  carbonate  of  baryta  is  so  energetic,  that  even 
the  most  difficultly  decomposable  minerals  are  readily  and  completely  de- 
composed  by  its  action.  From  fonr  to  six  parts  of  carbonate  of  baryta  are 
used  to  one  part  of  the  mineral  to  be  analysed.  The  fusion  is  effected 
in  a platinum  crucible  inserted  in  an  infusible  clay  crucible  filled  with  mag- 
nesia.  The  crucible  is  left  exposed  a quarter  of  an  liour  to  the  action  of 
the  fire. 

In  the  case  of  more  readily  decomposable  minerals,  the  object  in  view 
may  be  attained  more  easily  with  hydrate  of  baryta  freed  from  its  water 
of  crystallization.  From  four  to  five  parts  of  the  hydrate  are  intimately 
mixed  with  one  part  of  the  mineral ; the  mixture  may,  in  addition,  be 
covered  with  a layer  of  carbonate  of  baryta.  The  fusion  is  effected  best 
’over  a gas,  or  spirit-lamp  ; silver  crucibles  are  preferable  here  to  platinum 
crucibles,  as  the  latter  are  slightly  affected  by  the  Operation.  The  mixture 
fuses  thoroughly,  or,  at  any  rate,  its  pavticles  agglutinate  completely  into 
a state  of  semi-fusion. 

When  the  Operation  is  completed  (no  matter  whether  with  carbonate  or 
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hydrate  of  baryta),  tlie  crucible  is  allowed  to  cool,  carefully  washed  outside, 
and  put  with  its  contents  into  a beaker-glass,  wben  it  is  covered  with  from 
ten  to  fifteen  parts  of  water  ; bydrocbloric  or  nitric  acid  is  then  added,  and 
the  rest  of  the  Operation  conducted  as  sub  a (fluxing  with  carbonate  of  soda). 
Care  must  be  taken,  however,  not  to  add  too  much  hydrochloric  acid  at 
ouce,  as  the  chloride  of  barium,  which  forms,  is  insoluble  in  that  acid,  and 
might,  consequently,  impede  further  solution  by  forming  a species  of  inso- 
luble protecting  crust  round  the  still  undissolved  portion  of  the  mixture. 

y.  FLUXING  WITH  BISULPHATE  OF  POTASSA. 

One  part  of  fiuely  pulverised  and  elutriated  mineral  is  mixed  with  from  live 
to  six  parts  of  pounded  bisulphate  of  potassa,  put  into  a platinum  crucible, 
which  is  then  covered  with  the  lid,  in  Order  to  avoid  the  too  rapid  evapo- 
ration  of  the  excess  of  acid,  and  exposed  to  the  flame  of  a gas  or  spirit- 
lamp until  the  contents  of  the  crucible  begin  to  fuse  ; the  temperature  is 
then  maintained  at  the  same  point  until  the  whole  mixture  is  fused  into  a 
transparent  mass.  This  mass,  after  cooling,  is  mixed  with  water,  and 
heated  to  boiling  ; when,  according  to  the  nature  of  the  mineral  operated 
upon,  either  the  whole  mass  will  dissolve,  or  only  a portion  of  it,  leaving 
an  undissolved  residue. 

The  bisulphate  of  potassa  is  not  well  adapted  as  a flux  for  silicates, 
since  it  fails  to  efifect  their  decomposition  with  the  same  facility  and  com- 
pleteness  as  the  carbonated  alkali,  and  with  it,  moreover,  it  is  difficult  to 
obtain  the  silica  in  a state  of  purity. 

Other  methods  of  fluxing — for  instance,  that  of  silicates  with  hydrofluoric 
acid  or  fluorine  compounds,  that  of  chromium  ores  with  oxidising  agents, 
&c.,  will  be  treated  of  hereafter. 


§ 23. 

4.  CON VERSION  OF  THE  DISSOLVED  SUBSTANCES  INTO  A FORM 

ADAPTED  FOR  WEIGHING. 

The  conversion  of  a substance  in  a state  of  solution  into  a form  adapted 
for  weighing,  may  be  effected  either  by  evaporation,  or  by  precipitation. 
The  former  of  these  operations  is  applicable  only  in  cases  where  the  sub- 
stance, the  weight  of  which  wc  are  desirous  to  ascertain,  either  exists 
already  in  the  solution  in  the  form  suitable  for  the  determination  of  its 
weight,  or  may  be  converted  into  such  form  by  evaporation  in  conjunction 
with  some  re-agent.  The  solution  must,  moreover,  contain  the  substance* 
unmixed,  or,  at  least,  mixed  only  with  such  bodies  as  are  expelled  by 
evaporation,  or  at  a red-heat.  Thus,  for  instance,  the  amount  of  sulphate 
of  soda  present  in  an  aqueous  solution  of  that  substance  may  be  ascertained 
by  simple  evaporation  ; whilst  the  carbonate  of  potassa  contained  in  a 
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solution  had  always  better  be  converted  into  chloride  of  potassium,  by 
mixing  the  fluid  with  solution  of  chloride  of  ammonium,  and  evaporating 
the  mixture. 

Precipitation  may  always  be  resorted  to  whenever  the  substance  in  solu- 
tion admits  of  being  converted  into  a state,  or  combination  in  which  it  is 
insoluble  in  the  menstruum. 

§ 24. 

a.  EVAPORATION. 

In  the  processes  of  evaporation  for  pharmaceutical  or  technico-chemical 
purposes,  the  principal  object  to  be  considered  is  saving  of  time,  and  fuel ; 
but  in  evaporating  processes  in  "quantitative  analytical  researches  this  is 
merely  a subordinate  point,  and  the  analyst  has  to  direct  liis  principal  care 
and  attention  to  the  means  of  guarding  against  loss,  or  contamination  of 
the  substance  operated  upon. 

The  simplest  case  of  evaporation  is  when  we  have  to  concentrate  a 
clear  fluid,  without  carrying  the  process  to  dnjness.  To  effect  this 
object,  the  fluid  is  poured  into  a basin  of  sufficient  size  to  hold  at  least 
one-third  more  than  the  quantity  of  fluid  to  be  operated  on.  Heat 
is  then  applied  by  placing  the  basin  either  in  the  water-bath,  or  sand-bath, 
or  on  a common-stove,  or  over  the  flame  of  a gas,  or  spirit-lamp,  care  being 
taken  always  to  guard  against  actual  ebullition,  as  this  invariably  and  un- 
avoidably  leads  to  loss  in  the  shape  of  small  drops  of  fluid  bubbling  and 
spirting  out.  The  heating  over  a gas,  or  spirit-lamp  when  conducted  with 
proper  care  and  caution,  is  an  expeditious  and  very  cleanly  way. 

If  the  evaporation  is  to  be  effected  in  the  water-bath,  and  the  operator 
happens  to  possess  a Beindorf’ s,  or  otlier  similarly  constructed  steam  appa- 
ratus,  the  evaporating-dish  may  be  placed  simply  into  one  of  the  aper- 
tures  corresponding  to  its  size.  Otherwise  recourse  must  be  had  to  the 
water-bath  illustrated  by  Fig.  20. 

The  engraving  represents  a basin  made  of 
strong  sheet  copper.  This  basin  is  half  filled 
with  water,  which  is  kept  boiling  over  the  flame 
of  a gas,  spirit,  or  oil-lamp.  llings  adapted  to 
the  different  sizes  of  the  evaporating-dishes  serve 
Flg-  20.  to  receive  the  latter.  The  diameter  of  the  vessel 

from  a to  b should  be  from  four  to  six  inches. 

If  the  operator  can  conduct  his  processes  of  evaporation  in  a private 
room,  where  he  may  easily  guard  against  any  occurrence  tending  to  suspend 
minute  particles  of  dust,  or  ashes  in  the  air,  he  will  find  it  no  very  diflicult 
task  to  keep  the  evaporating  fluids  clean ; and  he  may,  therefore,  safely  leave 
the  dishes  uncovered,  which,  in  that  case,  is  the  best  mode  of  pro- 
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ceeding.  But  in  a large  laboratorv,  frequented  by  many  people,  or  in  a 
room  exposed  to  draughts  of  air,  or  in  which  coal  fires  are  burning,  the 
greatest  caution  is  required  to  shield  the  evaporating  fluid  from  contami- 
nation  by  dust,  dirt,  or  ashes.* 

For  this  purpose  the  evaporating  disli  is  either  covered  with  a sheet  of 
filtering-paper,  turned  down  over  the  edges,  or  a glass  rod  twisted  into  a 

triangulär  shape  (Fig.  21)  is  laid  upon  it,  and  a 
sheet  of  filtering-paper  spread  over  it,  which  is 
kept  in  position  by  a glass  rod  laid  across,  the 
latter  again  being  kept  from  rolling  down  by  the 
21.  sliglitly  turned  up  ends,  a and  b,  of  the  triangle. 

The  best  way,  however,  is  the  following  : — Take  two  small  thin  wooden 
hoops  (Fig.  22),  one  of  which  fits  loosely  in  the  other ; spread  a sheet  of 

blotting-paper  over  the  smaller  of  the  two,  and 
push  the  larger  one  over  it.  This  forms  a cover 
admirably  adapted  to  the  purpose ; it  protects  the 
Fig.  22.  evaporating  fluid  from  particles  of  dust  floating  in 

the  air,  it  may  be  readily  taken  off,  the  paper  cannot  dip  into  the  fluid ; 
the  cover  is  durable,  and  may,  moreover,  at  any  time  be  easily  renewed. 

It  must  be  borne  in  mind,  however,  that  the  common  filtering  paper 
contains  always  certain  substances  soluble  in  acids,  such  as  lime,  sesqui- 
oxide  of  iron,  &c.,  which,  were  covers  of  the  kind  just  described  used 
over  evaporating  dishes,  containing  a fluid  evolving  acid  vapor,  would  in- 
fallibly  dissolve  in  these  vapors,  and  the  solution  dripping  down  into  the 
the  evaporating  fluid,  would  speedily  contaminate  it.  Care  must  be  taken, 
therefore,  to  use  only  such  filtering  paper  as  has  been  freed  by  washing 
from  the  presence  of  substances  soluble  in  acids. 

Evaporation  for  the  purpose  of  concentration  may  be  effected  also  in 
glass  flasks  ; these  are  only  half  filled,  and  placed  obliquely.  Theprocess 
may  be  conducted  in  the  sand  bath,  or  over  the  flame  of  a gas,  or  spirit- 
lamp, or  even,  and  with  equal  propriety,  over  a charcoal  fire.  Gentle 
ebullition  of  the  fluid  can  do  no  harm  here,  since  the  oblique  position  of  the 
flask  guards  effectively  against  risk  of  loss  from  the  bubbling  and  spirting 
of  the  liquid. 

The  evaporation  of  fluids  containing  an  insoluble  Sediment  had  always 

* In  my  own  laboratory  \ve  have  separate  evaporating  cases  made  entirely  of  unpainted 
wood,  and  provided  in  front  with  glass  Windows,  which  open  either  on  a slide  or  with  hinges; 
it  is  in  these  cases  that  we  conduct  the  processes  of  evaporating  in  quantitative  researches. 
The  wooden  roof,  sloping  obliquely  from  three  sides,  temiinates  in  a wooden  channel  which 
leads  to  the  chimney.  About  half  a foot  below  the  lower  orifice  of  this  channel  there  is  a 
wooden  Support,  on  which  is  placed  a dish  intended  to  catch  any  fluid  that  may  condense  in 
the  canal,  and  which  rnight,  but  for  this  precaution,  drop  or  trickle  down. 
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better  be  conducted  in  the  water-bath ; since  in  the  sand-bath,  or  over 
the  flame  of  a lamp,  it  is  next  to  impossible  to  guard  against  loss 
from  spirting,  occasioned  by  slight  explosions  of  steam  bubbles  arising 
lrom  tbe  Sediment  impeding  the  equal  diffusion  of  the  heat.  Still 
there  remains  anotlier,  thougli  less  safe  way,  viz.,  to  conduct  the  eva- 
porating  in  a crucible  placed  obliquely  over  the  flame,  as  illustrated  in 

Fig.  23.  In  this  process,  the  flame  is  guided 
in  a manner  to  play  upon  the  crucible  above 
the  level  of  the  fluid. 

Where  a fluid  has  to  be  evuporated  to  ab- 
solute dryness,  as  is  so  often  the  case,  the 
Operation  should  always,  if  possible,  be  con- 
cluded  in  the  water-bath.  In  cases  where 
from  the  nature  of  the  dissolved  substance,  the 
application  of  the  water-bath  is  inadmissible, 
the  object  in  view  may  often  be  attained  most 
readily  by  heating  the  contents  of  the  evapora- 
ting-dish  from  the  top,  wliich  is  effected  by 
placing  the  dish  in  a proper  position,  in  a dry- 
ing  case,  of  which  the  upper  plate-is  heated  by  a 
flame  passing  over  it. 

In  cases  where  the  heat  has  to  be  applied  from  the  bottom,  a method 
must  be  chosen  which  admits  of  an  equal  distribution,  and  ready  gradua- 
tion  and  moderation  of  the  heat. 

An  air-bath  is  well  adapted  for  this  purpose ; the  apparatus  illustrated 
in  Fig.  20  may  be  used,  althougli  I must  not  omit  to  mention,  tliat  this 
mode  of  application  will  tend  to  injure  it  in  the  long  run.  If  the  Operation 
has  to  be  conducted  over  the  flame  of  a lamp,  the  dish  should  be  placed 
high  above  the  flame ; best  on  a wire-net,  since  this  will  greatly  contribute 
to  an  equal  distribution  of  the  heat.  The  use  of  the  sand-bath  is  objec- 
tionable  here,  because  with  that  apparatus  wre  cannot  reduce  the  heat  so 
speedily  as  may  be  desirable.  But  no  matter  which  method,  or  apparatus 
be  employed,  this  rule  applies  equally  to  all  of  them  : that  the  operator 
must  watch  the  process,  from  the  moment  that  the  residue  begins  to 
thicken,  in  Order  to  prevent  spirting,  by  reducing  the  heat,  and  by  breaking 
the  pellicles  and  crusts  which  form  on  the  surface,  with  a glass  rod,  a 
platinum  wire,  or  spatula. 

Saline  Solutions  that  have  a tendency  upon  their  evaporation  to  ascend 
along  the  sides  of  the  vessel , and  may  thus  finally  overflow  the  edge 
of  the  latter,  which,  of  course,  involves  the  risk  of  a loss  of  substance, 
should  be  heated  from  the  top,  in  the  way  just  indicated  (Fig.  23)  ; 
since  by  that  means  the  sides  of  the  vessel  will  get  heated  sufficiently  to 
cause  the  instantaneous  evaporation  of  the  ascending  liquid,  preventing 
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thus  its  overflowing  the  edge.  The  inconvenience  just  alluded  to  may, 
liowever,  be  obviated  also,  in  most  cases,  by  covering  the  edge,  and  the 
uppermost  part  of  the  inner  side  of  the  vessel,  with  the  very  slightest  pos- 
sible  coating  of  tallow,  thus  diminishing  the  adhesion  between  the  fluid 
and  the  vessel. 

In  the  case  of  liquids  evolving  gas  hubbles  upon  evaporating , particular 
caution  is  required  to  guard  against  loss  from  spirting.  The  safest  way  is 
to  heat  such  liquids  in  an  obliquely-placed  flask,  or  in  a beaker-glass, 
covered  with  an  evaporating  dish;  the  latter  is  removed  as  soon  as  the  evo- 
lution  of  gas  bubbles  has  ceased,  and  the  fluid  tbat  may  have  spirted  up 
against  it,  is  carefully  rinsed  into  the  glass,  by  means  of  a washing-bottle. 
If  the  evaporation  has  to  he  conducted  in  the  common  way,  in  a dish, 
a ratlier  capacious  one  should  be  selected,  and  a very  moderate  degree  of 
heat  applied  at  first,  and  until  the  evolution  of  gas  has  ceased.. 

If  a fluid  has  to  be  evaporated  with  exclusion  of  air,  the  best  way  is 
to  place  the  dish  under  the  bell  of  an  air-pump,  over  a vessel  with  sul- 
phuric  acid,  and  to  exhaust  rapidly  ; or  a tubulated  retort  may  be  used,  with 
a long  tube  fixed  into  it,  reaching  down  to  very  near  the  surface  of  the 
liquid,  and  through  which  hydrogen  or  carbonic  acid  gas  is  transmitted. 

The  respective  materials  of  the  evaporating  vessels  may  exercise  a much 
greater  influence  on  the  results  of  an  analysis  than  is  generally  believed. 
Many  rather  startling  phenomena  that  are  observed  in  analytical  pro- 
cesses  may  arise  simply  from  the  evaporated  liquid  having  dissolved 
particles  of  the  material  of  the  evaporating  vessel ; this  must,  of  course, 
lead  also  to  great  errors  in  the  appreciation  of  the  results  of  an  analysis. 

The  importance  of  this  point  has  induced  me  to  subject  it  to  a new  and 
searching  investigation  (see  experiments,  1 — 4),  of  which  I will  here  briefly 
intimate  the  results. 

Distilled  water  kept  boiling  for  some  length  of  time  in  flasks  of  Bohe- 
mian  glass,  dissolves  appreciable  traces  of  that  material ; this  is  the  case 
still  more  with  water  containing  a slight  admixture  of  potassa,  soda,  or  car- 
bonate  of  potassa,  or  soda  ; a boiling  solution  of  chloride  of  ammonium  also 
attacks  glass  vessels.  Boiling  dilute  acids  dissolve  glass  less  readily  than 
water.  Porcelain  (Berlin  dishes)  is  much  less  affected  by  boiling  water  than 
glass ; but  more  than  glass  by  boiling  hydrochloric  acid.  Boiling  solution 
of  chloride  of  ammonium  acts  on  porcelain  strongly,  boiling  solution  of 
carbonate  of  soda  perceptibly.  It  results  from  these  data,  that  in  analyses 
pretending  to  a high  degree  of  accuracy,  silver  and  platinum  dishes  should 
always  be  preferred. 

§ 25. 

We  come  now  to  the  weighing  of  the  residues  remaining  upon  the  evapo- 
ration of  fluids.  We  allude  here  simply  to  such  as  are  soluble  in  wTater  ; 
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those  which  are  separated  by  filtratiou,  will  be  treated  of  in  the  next 
paragraph  (Precipitation).  llesidues  are  generally  weighed  in  the  same 
vessel  in  which  the  evaporation  has  been  completed,  for  which  purpose 
platinum  dishes,  of  from  two  to  three  inches  in  diameter,  or  large  platinuni 
crucibles  are  best  adapted,  since  they  are  lighter  than  porcelain  vessels,  of 
the  same  capacity. 

However,  in  most  cases,  the  amount  of  liquid  to  be  evaporated  is  too 
large  for  so  small  a vessel,  and  its  evaporation  in  portions  would  occupy 
too  much  time.  The  best  way,  in  cases  of  this  kind,  is  to  concentrate  the 
liquid  first  in  a larger  vessel,  and  to  terminate  the  Operation  afterwards  in 
the  smaller  weighing  vessel. 

In  transferring  the  fluid  from  the  larger  to  the  smaller  vessel,  the  lip  of 
the  former  is  slightly  greased  with  tallow,  and  the  liquid  made  run  down 
a glass  rod.  (See  Fig.  24.) 

Finally  the  large  vessel  is  carefully  rinsed  with  a 
washing-bottle,  until  a drop  of  the  last  rinsing  leaves 
no  longer  a residue  upon  evaporation  on  a platinum 
knife.  When  the  fluid  has  thus  been  transferred  to 
the  weighing  vessel,  the  evaporation  is  completed  in 
the  water-bath,  and  the  residuary  substance  finally 
exposed  to  a red-heat,  provided  always  it  will  admit  of 
this  process.  For  this  purpose  the  dish  is  covered 
with  a lid  of  thin  platinum  foil,  or,  in  waut  of  such, 
with  a thin  glass  plate,  and  then  placed  high  over  the  flame  of  a lamp, 
and  heated  gently  until  all  the  water  which  may  still  adhere  to  the  sub- 
stance is  expelled  ; the  dish  is  now  exposed  to  a stronger,  and  finally  to 
a red-heat.  If  a glass  plate  be  used  as  a cover,  this  must,  of  course,  be 
first  removed  before  the  application  of  red-heat  can  be  resorted  to.  The 
dish  is  then  allowed  to  cool ; if  the  contents  are  liable  to  absorb  water, 
the  process  of  coeling  must  be  conducted  under  a bell-glass  over  a 
vessel  containing  concentrated  snlphuric  acid.  (See  Fig.  8.)  After  cooling, 
the  covered  dish  is  weighed  with  its  contents.  When  we  have  to  operate 
upon  substances  which  decrepitate,  such  as  chloride  of  sodium,  for  in- 
stance,  it  is  very  advisable  to  expose  them, — after  their  removal  from 
the  water-bath,  and  previously  to  the  application  of  a free  flame,  — to  a 
temperature  somewhat  above  212°,  either  in  the  air-bath,  in  a sand-bath, 
or  on  a common  stove. 

If  the  residue  does  not  admit  of  the  application  of  a red-heat,  as  in  the 
case,  for  instance,  with  organic  substances,  ammoniacal  salts,  &c.,  the  re- 
siduary mass  is  simply  dried,  at  a temperature  suited  to  its  nature.  In 
many  cases  the  temperature  of  the  water-bath  is  sufficiently  high  for  this 
purpose,  for  the  drying  of  chloride  of  ammonium,  for  instance ; in  others, 
the  air-bath,  or  oil-bath  must  be  resorted  to.  (Vide  § 15.)  Under  anv 
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circumstances,  the  desiccation  is  to  be  continued  until  the  substance 
ceases  to  suffer  the  slightest  diminution  in  weight  after  renewed  exposure 
to  heat,  for  from  fifteen  to  thirty  minutes.  The  dish  should  invariably 
be  covered  during  the  process  of  weighing. 

If,  as  will  frequently  happen,  we  have  to  deal  with  a fluid  containing  a 
small  quantity  of  a salt  of  potassa,  or  soda,  the  weight  of  which  we  want  to 
ascertain,  in  presence  of  a comparatively  large  amount  of  a salt  of  ammonia, 
which  has  been  mixed  with  it  in  the  course  of  the  analytical  process,  I 
prefer  the  following  method.  The  saline  mass  is  thoroughly  dried  in  a 

large  dish,  in  the  water-bath,  or,  towards  the  end  of  the  process,  at  a 
temperature  somewhat  exceeding  212°.  The  dry  mass  is  then,  with  the 
aid  of  a platinum  spatula,  transferred  to  a small  glass  dish,  which  is  put 
aside  for  a time  under  the  bell  glass  of  an  air-pump.  The  last  traces  of  the 
salt  left  adhering  to  the  sides  and  bottom  of  the  large  dish  are  rinsed  off 
with  a little  water  into  the  smaller  dish,  or  the  large  crucible,  in  which  it 
is  intended  to  weigh  the  salt ; the  water  is  then  evaporated,  and  the 
contents  of  the  glass  dish  are  added  to  the  residue  in  the  weighing  dish 
or  crucible  : the  ammonia  salts  are  now  expelled  by  heat,  and  the  resi- 
duary  fixed  salts  are  then  finally  weighed.  Should  some  traces  of  the 
saline  mass  adhere  to  the  smaller  glass  dish,  they  ouglit  to  be  removed  and 
transferred  to  the  weighing  vessel,  with  the  aid  of  a little  pounded  chloride 
of  ammonium,  or  some  other  salt  of  ammonia,  as  the  moistening  them 
again  with  water  would  involve  an  almost  certain  loss  of  substance. 

§ 26. 

b.  PRECIPITATION. 

Precipitation  is  resorted  to  in  quantitative  analysis  far  more  frequently 
than  evaporation,  since  it  serves  not  merely  to  convert  substances  into  forms 
adapted  for  weighing,  but  also,  and  more  especially,  to  separate  them 
from  one  anotlier.  The  principal  intention  in  precipitation,  for  the  pur- 
pose  of  quantitative  estimations,  is  to  convert  the  substance  in  solution  into 
a form  in  which  it  is  insoluble  in  the  menstruum  present.  The  result  will, 
cceteris  paribus,  be  the  more  accurate,  the  more  the  precipitated  body 
deserves  the  epithet  insoluble,  and  in  cases  wdiere  a substance  may  be  pre- 
cipitated in  several  different  forms,  possessing  all  the  same  degree  of  in- 
solubility,  that  form  will  be  the  least  liable  to  loss  in  which  the  smallest 
amount  of  liquid  is  required. 

Hence  it  follows,  first,  that  in  all  cases  where  other  circumstances 
do  not  interfere,  it  is  preferable  to  precipitate  substances  in  their  most 
insoluble  form ; thus,  for  instance,  baryta  had  better  be  precipitated 
as  a sulphate  than  as  a carbonate  ; secondly,  that  wlien  we  have  to  deal 
with  precipitates  that  are  not  quite  insoluble  in  the  menstruum  present,  we 
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must  encleavour  to  remove  that  menstruum  as  far  as  may  be  practicable  by 
evaporation ; tbus  a dilute  solution  of  strontia  should  be  concentrated, 
before  proceeding  to  precipitate  the  strontia  with  sulphuric  acid  ; and, 
thirdly,  that  when  we  bave  to  deal  with  precipitates  slightly  soluble  in  the 
liquid  present,  but  altogether  insoluble  in  another  menstruum,  into  which 
the  former  may  be  converted  by  the  addition  of  some  substance  or  other, 
we  ought  to  endeavour  to  bring  about  this  modification  of  the  menstruum. 
Thus,  for  instance,  alcohol  may  he  added  to  water,  to  induce  complete  pre- 
cipitation  of  chloride  of  platinum  and  ammonium,  chloride  of  lead, 
sulphate  of  lime,  &c. ; thus  again,  the  phosphate  of  magnesia  and 
ammonia  may  be  rendered  insoluble  in  an  aqueous  menstruum  by  adding 
ammonia  to  the  latter,  &c. 

Precipitation  is  generally  effected  in  beaker  glasses.  In  cases,  however, 
where  we  have  to  precipitate  from  fluids  in  a state  of  ebullition,  or  where  the 
precipitate  requires  to  be  kept  boiling  for  some  time  with  the  menstruum, 
flasks,  or  dishes  are  substituted  for  beaker-glasses. 

The  Separation  of  precipitates,  from  the  fluid  in  which  they  are  sus- 
pended,  is  effected  either  by  decantation,  or  filtration,  or  by  both.  But, 
before  proceeding  to  the  Separation  of  the  precipitate  by  any  of  these 
methods,  the  operator  must  know  whether  the  precipitate  is  completely 
formed.  To  determine  this  most  important  point,  an  accurate  knowledge 
of  the  properties  of  the  various  precipitates  must  be  attained,  which  we  shall 
endeavour  to  supply  in  the  third  section.  As  a general  rule,  the  precipitated 
liquid  should  be  allowed  to  stand  at  rest  for  several  hours  before  proceeding 
to  the  Separation  of  the  precipitate.  This  rule  applies  more  particularly  to 
crystalline,  pulverulent,  and  gelatinous  precipitates,  whilst  curdy  and  floc- 
culent  precipitates,  more  particularly  when  thrown  dowrn  by  boiling,  may 
often  be  filtered  off  immediately.  However,  we  mustobserve  here,  that  all 
general  rules,  in  this  respect,  are  of  very  limited  application  only. 

§ 27. 

a.  SEPARATION  OF  PRECIPITATES  BY  DECANTATION. 

When  a precipitate  subsides  so  completely  and  speedily  in  a fluid  that 
the  latter  may  be  decanted  off  perfectly  clear,  and  that  the  wasliing  of 
the  precipitate  does  not  require  a very  long  time,  decantation  is  resorted  to 
for  its  Separation ; this  is  the  case,  for  instance,  with  chloride  of  silver, 
metallic  mercury,  &c. 

Decantation  will  always  be  found  a very  expeditious,  and  accurate  method 
of  Separation,  if  the  process  be  conducted  properly,  and  carefully ; it  is 
necessary,  however,  in  most  cases,  to  promote  and  assist  the  speedy  and 
complete  subsidence  of  the  precipitate ; and  it  may  be  laid  down  as  a 
general  rule  in  this  respect,  that  heating  the  precipitate  with  its  men- 
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struum  will  produce  tlie  desired  efifect.  Nevertli eiess,  there  are  instances 
in  which  the  simple  Application  of  heat  will  not  cause  tlie  precipitate  to 
subside  so  speedily  and  completely  as  may  be  desirable ; in  some  cases,  as 
with  cbloride  of  silver,  for  instance,  agitation  of  the  fluid  must  be  resorted 
to ; in  otber  cases,  some  re-agent,  or  other  is  to  be  added — hydrochloric 
acid,  for  instance,  in  the  precipitation  of  mercury,  &c.  We  sliall  have 
occasion,  subsequently,  in  the  fourth  section,  to  discuss  this  point  more 
fully,  wlien  we  shall  likewise  treat  of  the  vessels  best  adapted  for  the  per- 
formance  of  this  process  in  its  various  modifications,  according  to  the 
nature  of  the  precipitate. 

After  having  washed  the  precipitate  repeatcdly  with  fresh  quantities  of 
the  proper  fluid,  until  there  is  no  trace  of  a dissolved  substance  to  be 
detected  in  the  last  rinsings,  the  precipitate  is  placed  in  a crucible,  or  dish, 
if  it  is  not  already  in  a vessel  of  that  description ; the  fluid  still  adheriug 
to  it  is  poured  off  as  far  as  is  practicable,  and  the  precipitate,  is  then, 
according  to  its  nature,  either  simply  dried,  or  heated  to  redness. 

A far  larger  amount  of  water  being  required  for  washing  precipitates 
separated  by  decantation  tlian  is  the  case  with  precipitates  w'ashed  upon 
Alters,  the  former  process  can  be  expected  to  yield  accurate  results  only  in 
cases  where  the  precipitates  are  absolutely  insoluble.  For  the  same 
reasons,  decantation  is  not  ordinarily  resorted  to  in  cases  where,  besides 
the  amount  of  the  precipitated  substance,  we  have  to  determine  the 
amount  of  other  constituents  contained  in  the  decanted  fluid. 

The  decanted  fluid  must  be  allowed  to  stand  at  rest  from  twelve  to 
twenty-four  hours,  to  make  quite  sure  that  it  contains  no  minute  traces  of 
the  precipitated  substances ; if,  after  the  lapse  of  twrelve  or  twenty-four 
hours,  according  to  circumstances,  not  a trace  of  Sediment  is  to  be  disco- 
vered  at  the  bottom  of  the  vessel,  the  fluid  may  be  thrown  away  except,  of 
course,  it  should  happen  to  be  required  for  other  purposes ; but  if  a Sedi- 
ment has  subsided,  the  amount  of  this  had  better  be  estimatedby  itself,  and 
added  to  the  gross  amount ; the  Sediment  may,  in  such  cases,  be  separated 
from  the  supernatant  fluid  by  decantation,  or  by  filtration. 

§28. 

ß.  SEPARATION  OF  PRECIPITATES  BY  FILTRATION. 

This  Operation  is  resorted  to  whenever  decantation  is  impracticable ; 
and,  consequently,  in  the  great  majority  of  cases  ; provided  always  the 
precipitate  is  of  a nature  to  admit  of  its  being  completely  freed,  by  mere 
washing  on  the  Alter,  from  all  foreign  particles  adhering  to  it.  Where  this 
is  not  the  case,  the  combined  operations  of  decantation,  and  filtration  are 
resorted  to  (§  31). 

a a.  Filtering  apparatus.  Filtration,  as  a process  of  quantitative 
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analysis,  is  almost  exclusively  effected  by  means  of  paper  Alters,  supported 
by  glass  funnels. 

Smooth  and  perfectly  circular  Alters  are  invariably  selected.  Much  de- 
pends  upon  the  quality  of  the  paper.  To  be  perfect,  this  ought  to  com- 
bine  the  three  following  properties : — 1 . It  must  completely  retaiu  the 
Anest  precipitates  ; 2.  It  must  Alter  rapidly  ; and  3.  It  must  be  as  free  as 
possible  from  any  admixture  of  inorganic  bodies,  but  more  especially  from 
such  as  are  soluble  in  acid,  or  alkaline  Auids. 

It  is  a matter  of  some  difficulty,  however,  to  procure  paper  fully  answer- 
ing  these  conditions.  The  best  is  Swedish  filtering  paper ; it  bears  that 
name  in  the  watermark  ; and  even  this  answers  the  purpose  only  so  far 
as  the  Arst  two  conditions  are  concerned,  but  is  by  no  means  sufficiently 
pure  for  very  accurate  analyses,  since  it  leaves  upon  incineration  about  03 
per  cent  of  ashes,  and  yields  to  acids  perceptible  traces  of  lime,  magnesia, 
and  sesquioxide  of  iron.  It  is  always  advisable,  therefore,  to  treat  even  the 
Swedish  Altering  paper,  when  intended  for  minute  and  accurate  investiga- 
tion,  with  dilute  hydrochloric  acid,  in  order  to  free  it  from  inorganic 
matter ; after  this  process,  the  paper  is  carefully  washed  with  water,  to 
remove  all  traces  of  the  acid,  and  dried.  In  the  case  of  very  Ane  Altering 
paper,  the  best  way  to  perform  this  Operation,  is  to  place  the  ready  cut 
Alters,  either  singly,  or  several  together  in  a funnel,  exactly  the  same  way 
as  if  intended  for  immediate  Altration ; they  are  then  moistened  with  a 
mixture  of  one  part  of  pure  hydrochloric  acid  with  three  parts  of  water, 
which  is  allowed  to  act  on  them  for  about  ten  minutes ; after  this,  all 
traces  of  the  acid  are  carefully  removed  by  washing  the  Alters  (still  in  the 
funnel)  repeatedly  with  warm  water.  The  funnel  is  now  covered  with  a 
piece  of  paper,  turned  over  the  edges,  and  is  then  put  in  a warm  spot  until 
the  Alters  inside  are  dry. 

Ready-cut  Alters  of  various  sizes  should  always  be  kept  on  hand.  Filters 
are  either  cut  by  a pattem  of  circular  pieces  of  pasteboard  or  tin,  or  the 
paper  is  folded  doubly  together,  with  the  border  at  right  angles,  and  placed 
between  two  tin  plates  cut  in  the  shapc  of  segments  (Fig.  25). 

The  portion  of  the  paper  which 
projects  from  between  the  two 
plates  is  cut  off  with  the  scissors. 
Filters  cut  in  this  way  are  perfectly 
circular  and  of  equal  size. 

Several  pairs  of  tin  plates  of 
various  sizes,  should  be  procured 
for  this  purpose.  The  Alter  ought  always  to  be  sufficiently  large  to  afford 
room  for  double  the  quantity  of  precipitate  remaining  on  it  after  the 
Altration  of  the  Auid. 

In  the  selection  of  funnels,  care  should  be  taken  that  they  be  straight 


Fig.  25. 
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and  regulär,  and  inclined  at  the  proper  angle  (60°).  Glass  is  the  most 
suitable  material  for  funnels. 

The  Alters  must  never  reacli  over  the  hrim  of  the  funnel ; the  best  way  is 
to  select  Alters  the  respective  radii  of  which  are  one  or  two  lines  shorter 
than  those  of  the  funnels  into  which  they  are  to  he  inserted. 

The  Alter  is  Armly  pressed  into  the  funnel,  to  bring  the  paper  closely 
contiguous,  at  every  point,  to  the  side  of  the  latter ; it  is  then  moistened 
with  water,  which  is  allowed  to  pass  through  the  tube  ; but  must,  on  no 
account,  be  poured  off  by  inverting  the  funnel. 

The  Stands  sliown  in  Figs.  2G  and  27,  complete  the  apparatus  for 
Altering. 


Fig.  26.  Fig.  27. 

The  stand  in  Fig.  2G  is  more  particularly  adapted  for  the  reception  of 
1 arger  funnels,  and  should  therefore  be  made  a little  more  solid  than  that  in 
Fig.  27,  which  is  intended  for  the  reception  of  smaller  sized  funnels. 

The  Stands  are  made  of  solid  liard  wood.  The  arm  holding  the  funnel 
or  funnels  must  slide  easily  up  and  down ; but  the  screw,  when  tiglitened, 
must  retain  it  Armly  in  position.  The  aperture  or  apertures  intended  for 
the  reception  of  the  funnels,  must  be  cut  sloping  conically  downw'ards,  to 
keep  the  funnels  steadily  in  their  places.  The  arm  b (Fig.  26)  serves 
for  the  reception  of  a washing  bottle. 

These  Stands  are  very  convenient  and  may  be  readily  moved  without 
interfering  with  the  Operation. 
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b b.  RULES  TO  BE  OBSERVED  IN  THE  PROCESS  OF  FILTRATION. 

In  tlie  case  of  curdy,  flocculent,  gelatinous,  or  crystalline  precipitates 
there  is  no  great  danger  of  any  particles  of  the  precipitate  passing  through 
the  filter.  But,  in  cases  where  we  have  to  deal  with  fine  pulverulent  preci- 
pitates, it  is  generally  necessary , and  always  advisable,  to  let  the  preci- 
pitate subside,  and  then  filter  tlie  supernatant  liquid,  before  proceeding  to 
place  the  precipitate  upon  the  filter.  Substances  which  have  been  pre- 
cipitated  hot,  are  most  properly  filtered  before  cooling  (provided  always 
there  be  no  objection  to  this  course),  since  hot  fluids  run  through  the 
filter  more  speedily  than  cold  ones.  Some  precipitates  have  a tendency 
to  be  carried  though  the  filter  with  their  menstruum ; this  may  be  pre- 
vented  in  some  instances  by  modifying  the  latter.  Thus  sulphate  of 
baryta,  when  filtered  from  an  aqueous  solution,  passes  rather  easily 
through  the  filter — the  additiou  of  chloride  of  ammonium  prevents  this  in 
a great  measure. 

Should  the  operator  find,  during  the  filtration  of  a precipitate,  that  he 
has  taken  too  small  a filter  to  hold  the  precipitate  conveniently,  and  so  as 
to  admit  of  its  being  properly  washed,  he  had  always  best  use  an  additional 
filter,  and  thus  distribute  the  precipitate  over  the  two. 

The  fluid  ought  never  to  be  poured  directly  upon  the  filter,  but  always 
down  a glass  rod,  as  represented  in  Fig.  24  ; and  the  lip  or  brim  of  the 
vessel  from  which  the  fluid  is  poured,  may  be  greased  with  tallow.*  The 
stream  ought  invariably  to  be  directed  towards  the  sides  of  the  filter, 
never  to  the  centre,  since  this  might  occasion  some  loss  by  splashing.  In 
cases  where  the  fluid  has  to  be  filtered  off,  with  the  least  possible  dis- 
turbance  of  the  precipitate,  the  glass  rod  must  not  be  placed,  during  the 
intervals,  into  the  vessel  containing  the  precipitate ; but  it  may  con- 
veniently be  put  into  a clean  glass,  which  is  finally  rinsed  with  water  upon 
the  filter. 

The  filtrate  is  received  either  in  flasks,  beaker-glasses,  or  dislies,  ac- 
cording  to  the  various  purposes  for  which  it  may  be  intended.  Strict  care 
should  be  taken  to  conduct  the  filtrate  down  the  side  of  the  receiving 
vessel ; it  should  never  be  allowed  to  fall  into  the  centre  of  the  eollecting 
fluid,  since  this  again  might  occasion  loss  by  splashing.  The  best  method 
in  this  respect  is  that  illustrated  in  Fig.  26,  viz.,  to  place  the  tube  of 
the  funnel  against  the  upper  part  of  the  inner  wall  of  the  receiving  vessel. 

If  the  process  of  filtration  is  couducted  in  a place  perfectly  free  from 

* The  tallow  for  this  purpose  may  conveniently  be  kept  in  a small  glass  tube  fitted  with 
a piston,  by  means  of  which  the  tallow  is  pushed  forward  in  proportion  as  it  is  required  for 
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dust,  there  is  no  necessity  to  cover  the  funnel,  nor  the  vessel  receiving  the 
filtrate ; but  since  this  is  but  rarely  the  case,  it  is  generally  indispensable 
to  cover  both  the  funnel,  and  the  receiving  vessel.  This  is  best  effected 
with  round  plates  of  glass ; a small  aperture  for  the  tube  of  the  funnel 
is  cut  out  at  the  edge  of  the  plates  intended  to  cover  the  receiving  vessel ; 

■ — plates  perforated  in  the  centre  are  of  no  use  for  this  purpose. 

After  the  fluid  and  precipitate  have  been  poured  upon  the  Alter, 
and  the  vessel  which  originally  contained  them  has  been  washed  re- 
peatedly  with  water  (of  course,  likewise,  upon  the  Alter),  it  happens 
generally  that  small  particles  of  the  precipitate  remain  adhering  to 
the  vessel,  which  cannot  be  removed  with  the  glass  rod.  From  beaker- 
glasses,  or  dishes  these  particles  may  be  readily  removed  by  means  of  a 
quill  prepared  for  the  purpose,  by  tearing  off  nearly  the  wliole  of  the 
feather,  leaving  only  a small  piece,  which  should  be  cut  perfectly  straight. 
But  if  the  min ute  remainder  of  the  precipitate  happens  to  stick  to  the 
inner  walls  of  a flask,  as  is  sometimes  the  case  with  substances  precipitated 
from  fluids  in  a state  of  ebullition  (sesquioxide  of  iron,  for  instance)  ; or,  in 
sbort,  wherever  its  removal  cannot  be  accomplished  by  mechanical  means, 
solution  must  be  resorted  to,  followed  by  re-precipitation.  In  cases,  there- 
fore,  where  we  have  to  deal  with  substances  for  which  we  possess  no 
solvent,  such  as  sulphate  of  baryta,  for  instance,  we  must  avoid  precipi- 
tating  in  vessels  from  which  the  precipitate  cannot  be  readily  and  com- 
pletely  removed  by  mechanical  means. 

§ 30. 

CC.  WASHING  OF  PRECIPITATES. 

After  having  transferred  the  precipitate  completely  to  the  Alter,  we 
have  next  to  perform  the  Operation  of  washing;  this  is  effected  by  means 
of  a washing-bottle,  such  as  Figs.  28  and  29  represent. 


Fig.  28. 


Fig.  29. 
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I prefer  the  one  illustrated  in  Fig.  29.  The  handle  to  it  serves  to 
render  its  use  more  easy  and  convenient,  more  particularly  in  washing  with 
hot  water ; it  is  made  of  wood,  and  fastened  with  wire  to  the  bottle. 

Care  must  always  be  taken  to  regulate  the  stream  properly,  since  too 
impetuous  a stream  of  water  might  occasion  some  loss  of  substance. 

In  cases  where  a precipitate  has  to  be  washed  with  great  care  and 
caution,  the  apparatus  illustrated  in  Fig.  30,  will  be  found  to  answer  verv 
well. 

The  construction  of  this  apparatus  does  not  require 
much  explaining.  The  point  a is  drawn  out  at  the  end, 
and  nipped  off.  When  the  flaslc  is  inverted,  it  supplies  a 
fine  continuous  stream  of  water. 

Precipitates  requiring  washing,  are  washed  most  ex- 
peditiously  with  hot  water,  provided  always,  tliere  be  no 
special  reason  against  the  application  of  it.  The  wash- 
ing bottle,  illustrated  in  Fig.  29,  is  particularly  well 
adapted  for  this  purpose. 

In  cases  where  the  washing  of  a precipitate  has  to 
be  continued  verv  long,  we  employ  sometimes  bottles 
Fig.  30.  0f  a peculiar  construction,  which  save  us  the  trouble  of 
repeated  application.  Figs.  31  and  32,  illustrate  washing-bottles  of  this 
kind. 


Fig.  31.  Fig.  32. 

It  will  at  once  be  clearly  apparent  from  the  engravings  that  the  principle 
is  the  same  in  both.  There  is  only  this  difference  between  them,  that  in 
31,  the  two  tubes  are  joined  together  in  one  piece,  whilst  in  32,  they  are 
separate.  The  construction  of  31  is  somewhat  more  difficult  of  illustration 
than  that  of  32.  A brief  exposition  of  the  principle  will  show  this  clearly 
enough.  Fig.  33  represents  the  cork  with  the  tubes,  apart  from  the 
bottle.  The  arrangement  is  so  contrived  that  no  water  can  flow  out  of  the 
bottle  upon  a simple  inversion  of  the  same ; but  it  begins  to  flow  imme- 
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Fig.  33. 


diately  upon  bringing  the  finger,  or  a small  piece  of  paper,  or  some  other 
substance,  in  contact  with  the  water  in  the  point  c ; the  water  now  flows 
constautly,  whilst  air  passes  into  the  bottle,  through  the  tube  ab;  the 
efflux  of  the  water  stops  the  moment  the  finger,  or  the  piece  of  paper,  &c., 
is  removed  from  c. 

I deem  it  of  great  importance,  for  the  proper 
construction  and  use  of  this  washing  apparatus, 
that  the  Student  should  possess  a clear  and  cor- 
rect  notion  of  the  principle  upon  which  its  pro- 
perties  depend.  I will,  therefore,  now  briefly  ex- 
plain  this  principle.  In  the  first  place,  the  non- 
efflux  of  water  from  c,  is  owing  to  the  circumstanee 
that  the  pressure  of  the  column  of  water  occu- 
pying  the  space  between  the  lines  e f and  y h,  is 
not  altogether  but  nearly  sufficiently  powerful  to  overcome  the  capillary 
attraction  which  the  tube  a b exercises  upon  the  fluid  ; — in  the  second 
place,  the  efflux  of  water  from  c ensuing  upon  its  being  brought  into  con- 
tact with  a body  to  which  it  may  adhere,  is  owing  to  the  pressure  of  the 
water  column  fh,  assisted  as  it  is  now  by  the  power  of  adhesion  of  the 
moistened  body,  overcoming  the  capillary  attraction  in  a b.  If  the  point  c 
is  put  completely  under  water,  the  efflux  will  likewise  cease,  since  this 
shortens  the  column  fh.  If  the  tube  d c is  lowered,  so  as  to  place  c below 
y h,  the  water  will  flow  incessantly,  the  pressure  of  the  increased  column  of 
water  overcoming  by  itself  the  capillary  attraction  in  a b.  But  if,  on  the 
contrary,  c d is  moved  upwards,  the  pressure  of  the  column  f h,  together 
with  the  force  of  adhesion  of  the  substance  in  contact  with  it,  will  no 
longer  be  sufficiently  powerful  to  overcome  the  capillary  attraction  in  a b > 
and  consequently  no  water  will  flow  out.  It  will  be  readily  conceived  from 
the  preceding  remarks,  that  the  construction,  as  well  as  illustration,  of  the 
joint-tube  in  31  offers  some  difficulties,  since  it  is  not  by  any  means  easy 
to  fit  the  point  c exactly  at  the  required  distance  from  the  point  where  the 
tube  a b is  united  to  c d.  In  32,  the  tube  c d requires  simply  to  be  turned 
upward  and  downward  until  the  desired  point  is  attained.  In  the  con- 
struction of  the  latter  apparatus,  care  should  be  taken  that  the  aperture  a 
of  a b be  situated  somewhat  higher  than  b ; if  this  precaution  be  neglected, 
water  will  be  forced  out  every  time  the  air  passes  through  this  tube ; 
moreover,  d must  abut  somewhat  higher  than  b,  or,  as  soon  as  the  surface 
of  the  water  ceases  to  close  b,  the  remainder  will  flow  out  in  a continued 
stream. 

The  process  of  washing  by  means  of  either  of  these  bottles  is  easily 
performed.  The  bottle  is  placed  inverted  into  the  aperture  contrived 
for  its  reception  in  the  second  arm  of  the  filter-stand  (yide  Fig.  26, 
b),  and  kept  suspended  ovcr  the  funnel  in  such  a manner  that  c just 
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dips  under  the  surface  of  the  fluid.  If  the  apparatus  is  well  arranged, 
the  water  will  now  flow  outof  c in  the  same  measure  as  it  runs  off  througli 
the  funnel.  To  substitute  for  these  washing  bottles,  narrow-necked  flasks, 
inverted  directly  into  the  funnel,  is  quite  inadmissible  in  cases  where  we 
intend  to  determine  the  exact  amount  of  the  precipitated  substance,  since 
the  ascending  bubbles  of  air  would  invariably  carry  minute  particles  of  the 
precipitate  up  into  the  flask. 

Care  should  be  taken,  wliilst  washing  the  precipitate,  no  matter 
wliether  with,  or  without  a washing  apparatus,  to  prevent  the  formation  of 
channels  in  it,  through  which  the  water  might  flow  off,  without  per- 
vading  the  whole  mass  of  the  substance.  If  such  channels  have  formed, 
the  precipitate  must  be  carefully  stirred  with  a glass  rod,  or  a platinum 
spatula. 

The  Operation  of  washing  may  be  considered  completed  when  all  soluble 
matter  has  been  removed ; whether  this  end  has  been  attained  may 
generally  be  ascertained  by  evaporating  a drop  of  the  last  washings  upon  a 
clean  platinum  knife,  and  observing  whether  or  not  this  leaves  any  residue 
behind.  But  in  cases  where  the  precipitate  is  not  altogether  insoluble  in 
water  (sulphate  of  strontia,  for  instance),  recourse  must  be  had  to  more 
special  tests,  which  we  shall  have  occasion  to  point  out  in  the  course  of  the 
work. 

The  Operation  of  washing  precipitates  requires  the  greatest  care  and 
attention  at  the  hands  of  the  analytical  chemist ; it  is  self-evident  tliat  the 
imperfect  washing  of  a precipitate  must  materially  interfere  with  the 
accuracy  of  the  results.  The  Operation  should,  therefore,  never  be  deemed 
concluded  on  the  mere  impression  and  judgment  to  that  cffect  of  the 
operator,  the  Information  elicited  by  the  application  of  the  appropriate  test, 
or  tests  alone  can  safely  be  relied  on. 

§ 31. 

SEPARATION  OF  PRECIPITATES  BY  DEC  ANTATION,  AND  FILTRATION 

COMBINED. 

In  the  case  of  precipitates  which,  from  their  gelatinous  nature,  or  from 
an  admixture  of  certain  salts  that  have  been  thrown  down  together  with 
them,  appear  to  oppose  insuperable,  or,  at  all  events,  considerable 
obstacles  to  perfect  washing  on  the  Alter,  the  following  method  will 
be  found  to  answer  perfectly.  Let  the  precipitate  subside  as  far  as 
practicable,  pour  the  nearly  clear  supernatant  liquid  on  the  Alter,  stir 
the  precipitate  up  with  the  washing  fluid  (in  certain  cases,  where  such  a 
course  is  indicated,  the  mixture  of  the  washing  fluid  with  the  pre- 
cipitate may  besides  be  heated  to  boiling),  let  it  subside  again,  and 
repeat  this  Operation  until  the  precipitate  is  nearly  washed.  Place 
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it  now  upon  the  filter,  and  complete  the  Operation  with  the  washing 
bottle. 

§ 32. 

FURTIIER  TREATMENT  OF  PRECIPITATES  PREPARATORY  TO  THE 

PROCESS  OF  WEIGHING. 

Before  we  proceed  to  weigli  a precipitate,  it  is  indispensable  first  to 
convert  it  into  a form  of  perfectly,  and  accurately  known  composition. 
This  is  done  eitlier  by  drying  the  precipitate,  or  by  heating  it  to  redness. 
The  former  proceeding  is  more  protracted  and  tedious  in  its  application 
than  the  latter,  and  is,  moreover,  liable  to  give  less  accurate  results. 
The  process  of  drying  is,  tlierefore,  generally  confined  to  precipitates 
which  cannot  bear  exposure  to  a red  lieat  without  undergoing  total,  or 
partial  volatilization,  and  when  ignition  leaves  residues  not  of  a kind 
adrnitting  of  correct  inference  as  to  the  exact  original  composition  of  the 
precipitate ; thus,  for  instance,  drying  is  resorted  to  in  the  case  of 
snlphide  of  mercury,  sulphide  of  lead,  and  other  metallic  sulphides,  and 
also  in  the  case  of  cyanide  of  silver,  bichloride  of  platinum  and  cliloride 
of  potassium,  &c.,  &c. 

But  whenever  the  nature  of  the  precipitated  substance  leaves  the  ope- 
rator  at  liberty  to  choose  between  drying  and  heating  to  redness,  the 
latter  is  almost  invariably  preferred  to  the  former ; thus  precipitates  of 
sulphate  of  baryta,  sulphate  of  lead,  and  a great  many  other  Compounds, 
are  heated  to  redness. 

§ 33. 

A.  Drying  of  precipitates. 

When  a precipitate  has  been  collected,  washed,  and  dried  on  a filter, 
minute  particles  of  it  adhere  so  firmly  to  the  paper  that  it  is  found  impos- 
sible  to  remove  them.  The  weighing  of  dried  precipitates  involves,  there- 
fore,  in  all  accurate  analyses,  the  drying,  and  weighing  of  the  filter. 
Formerly,  chemists  used  to  collect  the  precipitate  upon  two  filters 
of  equal  size,  the  one  placed  within  the  other  ; after  the  precipitate  had 
been  dried,  the  outer  filter  was  taken  off,  and  placed  on  the  balance  as  a 
counterpoise  to  the  inner  filter  which  contained  the  precipitate.  It  was  at 
the  time  assumed  that  filters  of  equal  size  wTere  likewise  of  equal  weight. 
This  assumption,  however,  is  inadmissible  in  minute  and  accurate  analyses, 
since  every  experiment  shows  that  even  small  filters,  although  of  equal  size, 
ditfer  in  weight  to  the  extent  of  twenty,  tliirty,  and  even  more  mille- 
grammes.  To  obtain  accurate  results,  it  is  necessary  to  dry  and  to  weigh 
the  filter  previously  to  using  it ; the  temperature  at  which  the  filter  is 
dried  must  be  the  same  as  that  at  which  it  is  intended  subsequently  to 
expose  the  precipitate.  Another  condition  is  that  the  filtering  paper 
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must  not  contain  any  substance  liable  to  be  dissolved  by  tlie  fluid  passing 
tbrough  it. 

The  process  of  drying  Alters  is  conducted  eitlier  in  the  water-bath,  air- 
bath,  or  oil-bath,  accordirig  to  the  degree  of  heat  required.  The  dried  Alter  is 
always  weighed  in  a covered  vessel,  mostly  between  two  watch-glasses, 
pressed  together  with  a clasp  (§  15),  or  in  a platinum  crucible,  or  small  test- 
tube.  When  the  filter  appears  dry,  it  is  placed  between  the  heated  watch- 
glasses,  or  in  the  heated  crucible,  or  test-tube,  allowed  to  cool  under  a bell- 
glass,  over  sulphuric  acid,  and  weighed.  The  crucible,  or  the  watch-glasses, 
or  test-tube,  together  with  the  filter,  are  then  again  exposed  for  some  time 
to  the  required  degröe  of  heat,  and  after  cooling,  weighed  once  more.  If  the 
weight  does  not  diflfer  from  that  found  at  first  the  filter  may  be  considered 
dry,  and  we  have  simply  to  note  the  collective  weight  of  the  watch-glasses, 
clasp,  and  filter,  or  of  the  crucible  and  filter,  or  test-tube  and  filter. 

After  the  washing  of  the  precipitate  has  been  concluded,  and  the  water 
allowed  to  run  off  as  far  as  practicable,  the  filter  with  the  precipitate  is 
taken  off  the  funnel,  folded  up,  and  placed  upon  blotting-paper,  which  is 
then  kept  for  some  time  in  a moderately  w’arm  place,  protected  from  dust ; 
this  serves  to  dry  the  precipitate  in  some  measure,  and  thus  faciiitates  the 
further  process.  The  filter,  with  the  precipitate  in  it,  is  now  put  into 
one  of  the  watch-glasses,  or  into  the  uncovered  platinum  crucible,  in  which 
it  had  been  weighed  previously  to  the  filtration,  and  is  then  exposed  to  the 
appropriate  degree  of  heat,  either  in  the  water,  air,  or  oil-bath,  according 
to  the  nature  of  the  precipitate.  When  it  is  judged  that  the  precipitate 
is  dry,  the  lid  of  the  crucible  is  put  on,  or  where  a watch-glass  has  been 
used,  the  second  watch-glass,  with  the  clasp  pushed  over  the  two,  and  the 
crucible  or  the  watch-glasses  are  then  placed  under  a bell-glass,  over  sulphu- 
ric acid,  where  they  are  left  to  cool.  After  cooling  they  are  weighed.  The 
filter  and  the  precipitate  are  then  again  exposed  in  the  same  way,  to  the 
proper  drying  temperature,  allowed  to  cool,  and  weighed  again,  the  same 
process  being  repeated  until  the  weight  remains  constant,  or  diflfers  only  to 
the  extent  of  a few  deci-milligrammes.  By  subtracting  from  the  weight 
found,  the  known  weight  of  the  crucible,  or  watch-glasses,  with  clasp,  and 
filter,  we  obtain  the  weight  of  the  dry  precipitate. 

It  happens  sometimes  that  the  precipitate  nearly  fills  the  filter,  or  re- 
tains  a considerable  amount  of  the  water ; or  sometimes  the  paper  is  so 
thin  that  its  removal  from  the  funnel  cannot  well  be  eflfected  without 
tearing  it.  In  all  such  cases,  the  best  way  is  to  let  the  filter  and  precipi- 
tate get  nearly  dry  in  the  funnel,  which  may  be  eflfected  readily  enough 
by  covering  the  funnel  with  a piece  of  blotting-paper  turned  down  over 
the  brim,  and  placing  it  on  the  sand-bath,  or  ou  a stove,  supported  on 
a broken  beaker-glass  (Fig.  34),  or  some  similar  vessel,  most  appropriately 
on  a tin-plate  cone,  open  at  both  ends,  from  ten  to  twelve  centimeters 
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high,  and  from  seven  to  eight  centi- 
meters  in  diameter  at  tlie  lower,  from 
four  to  six  at  the  upper  end  (see  Fig. 
35). 

Fig.  35. 

§ 34. 

B.  lleating  precipitates  to  redness. 

It  was  customary  formerly  in  this  process  to  dry  the  precipitate  jointly 
with  the  filter,  then  to  scrape  the  latter  clean  and  remove  it,  previously  to 
heating  the  precipitate  to  redness.  This  proceeding  inevitably  gave 
rise  to  the  loss  of  the  minute  particles  wliich,  however  clean  the  filter 
may  be  scraped,  will  always  adhere  to  it.  Experience  has  shown  that 
more  accurate  results  are  obtained  if  the  filter  is  left  with  the  precipitate, 
and  the  weight  of  the  ashes  remaining  upon  the  incineration  of  a clean 
filter  of  the  same  size,  be  subtracted  from  the  weight  of  the  precipitate 
after  the  process  of  ignition  ; this,  of  course,  involves  the  incineration 
of  the  filter. 

If  care  be  taken  to  make  the  Alters  always  of  the  same  paper,  and  to 
have  for  every  size  a pattern  to  cut  them  by,  the  quantity  of  ashes 
wliich  they  respectively  yield  upon  incineration  may  be  readily  determined 
once  for  all,  for  every  size.  To  this  end  we  need  simply  take  ten  Alters 
of  the  same  size,  to  burn  them  in  an  obliquely  placed  platinum  crucible, 
or  in  a platinum  dish,  to  continue  the  application  of  a red  heat  until  every 
trace  of  carbon  is  removed,  and  then  to  weigh  the  ashes,  and  to  divide  the 
amount  found  by  10;  the  quotient  expresses,  with  sufficient  precision,  the 
average  quantity  of  ashes  which  every  individual  filter  of  the  same  size, 
and  of  the  same  paper  leaves  upon  incineration. 

In  the  ignition  of  precipitates,  the  following  four  points  have  to  be  more 
particularly  regarded. 

1 . That  no  loss  of  substance  be  incurred. 

2.  That  the  ignited  precipitates  do  not  alter  during  the  Operation. 

3.  That  the  incineration  of  the  filters  be  complete. 

4.  That  the  crucibles  be  not  affected. 

The  following  two  methods  of  heating  precipitates  to  redness,  seem  to 
me  the  simplest  and  most  appropriate  of  all  that  have  as  yet  been  pro- 
posed.  The  respective  selection  depends  upon  certain  circumstances, 
which  I sh  all  immediately  have  occasion  to  point  out.  But  no  matter 
which  method  may  be  resorted  to,  the  precipitate  must  always  be 
thoroughly  dried  first,  before  it  can  properly  be  exposed  to  a red  heat. 
The  application  of  a red  heat  to  moist  precipitates,  more  particularly 
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to  such  as  are  very  light  and  loose  in  tlie  dry  state  (silicic  acid,  for 
instance),  involves  always  a risk  of  loss  from  the  impetuously  escaping 
aqueous  vapors  carrying  away  with  them  minute  particles  of  the  substance. 
Some  other  substances,  as  hydrate  of  alumina,  or  hydrated  sesqui- 
oxide  of  iron,  for  instance,  have  a tendency  to  concrete  into  small  liard 
lumps  : if  such  substances  are  not  thoroughly  dried  previously  to  exposure 
to  a red  heat,  thev  are  liable,  upon  the  application  of  the  latter  process,  to 
fly  about  in  the  crucible  with  great  violence.  The  best  way  of  effecting 
the  preliminary  Operation  of  drying,  in  such  cases,  is  to  leave  the  filter 
with  the  precipitate  in  the  funnel ; to  cover  the  latter  with  a piece  of 
blotting-paper  turned  over  the  brim,  and  to  expose  the  whole  to  the 
heat  of  the  sand-bath,  or  of  a stove,  in  the  manner  illustrated  by 
Figs.  34,  35. 

Respecting  the  degree  of  heat  to  be  applied,  and  the  duration  of  the 
process,  these  must,  of  course,  depend  upon  the  nature,  and  propcrties 
of  the  precipitate  operated  upon,  and  upon  its  deportment  at  a red  heat. 
As  a general  rule,  a moderate  red  heat,  applied  for  about  five  minutes,  is 
found  sufficient  to  effect  the  purpose  in  view  ; the  exceptions  from  the 
rule  we  shall  have  occasion  to  point  out  hereafter. 

Whenever  the  choice  is  permitted  between  porcelain,  and  platinum  cru- 
cibles,  the  latter  are  always  preferred,  on  account  of  tlieir  comparative 
lightness  and  superior  solidity,  and  because  they  are  more  readily  heated 
to  redness.  The  crucible  selected  should  always  be  of  sufficient  capacity, 
as  the  use  of  crucibles  deficient  in  size  involves  the  risk  of  loss  of  substance. 
The  proper  size,  in  most  cases,  is  four  centimeters  in  heiglit,  and  3' 5 cen- 
timeters  in  diameter.  Tliat  the  crucible  must  be  perfectly  clean,  both 
inside  and  outside,  need  hardly  be  mentioned.  Dirt  or  impurities  ad- 
hering  to  it  may  be  removed  by  boiling  with  water,  hydrocliloric  acid,  or 
solution  of  soda.  Wliere  tliis  fails  to  attain  the  desired  end,  a little 
bisulphate  of  potassa  is  fused  in  the  crucible,  the  fluid  mass  is  shaken 
about  inside,  allowed  to  cool,  and  the  crucible  is  then  finally  boiled  with 
water.  There  are  two  ways  of  cleaning  crucibles  soiled  outside  ; either 
the  crucible  is  placed  in  a larger  one,  and  the  interstices  between  the  two 
are  filled  up  with  bisulphate  of  potassa,  which  is  then  heated  to  fusion  ; 
or,  the  crucible  is  placed  on  a platinum  wire  triangle,  heated  to  redness, 
and  then  sprinkled  over  with  pulverised  bisulphate  of  potassa. 

When  the  crucible  is  clean,  it  is  placed  upon  a clean  platinum  wire  tri- 
angle, and  heated  to  redness  ; it  is  then  allowed  to  cool  under  the  bell-glass, 
and  afterwards  weighed.  This  Operation,  tliough  not  indispensable,  is  still 
always  advisable,  to  insure  perfect  correctness  of  the  results,  in  so  far  as 
the  weight  of  the  crucible  is  concerned.  The  empty  crucible  may,  indeed, 
also  be  weighed  after  the  ignition  of  the  precipitate  ; still  it  is  always 
better  to  weigh  it  previously. 
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We  will  now  proceed  to  the  description  of  the  two  methods. 

§ 35. 

first  method.  ( Heating  the  precipitate  to  redness,  with  simultaneous 

incineration  of  the  fiter.) 

This  metliod  is  resorted  to  in  cases  where  there  is  no  danger  of  a reduc- 
tion  of  the  precipitate  by  the  action  of  the  carbon  of  the  filter.  The 
mode  of  proceeding  is  as  follows  : — 

The  perfectly  dry  filter,  with  the  precipitate,  is  removed  from  the  funnel, 
and  its  sides  are  gathered  together  at  the  top,  so  that  the  precipitate  lies 
inclosed  as  in  a small  bag.  The  filter  is  now  put  into  the  crucible,  which  is 
then  covered  and  exposed  over  a gas,  or  spirit-lamp  with  double  draught, 
to  a moderate  heat,  to  effect  the  slow  charring  of  the  filter  ; the  cover  is 
now  removed,  the  crucible  placed  obliquely  over  the  flame,  and  a stronger 
degree  of  heat  applied,  until  complete  incineration  of  the  filter  is  efifected  ; 
the  lid,  which  had  in  the  meantime  best  be  kept  on  a porcelain  plate 
or  in  a porcelain  crucible,  is  put  on  again,  and  a red  heat  applied  for  some 
time  longer,  if  needed  ; the  crucible  is  now  allowed  to  cool  a little,  and  is 
then,  while  still  hot,  though  no  longer  red  hot,*  taken  otf  with  a pair  of 
tongs  of  brass  or  polished  iron  (Fig.  36),  and  put  under  the  bell-glass, 
where  it  is  left  to  cool ; it  is  then  finally  weighed. 


Fig.  36.  Fig.  37. 

The  combustion  of  the  carbon  of  the  filter  may  be  promoted,  in  cases 
where  it  proceeds  too  slowly,  by  pushing  the  non-consumed  particles  with 
a smooth  and  rather  stout  platinum  wire,  within  the  focus  of  the  strongest 
action  of  the  heat  and  air.  Or  the  operator  may  also  increase  the  draught 

* Taking  hold  of  a red-hot  platinum  crucible  with  a pair  of  brass  pincers,  might  cause  the 
formation  of  black  rings  round  it* 
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of  air  by  leaning  the  lid  of  the  crucible  against  the  latter  in  the  mauner 
illustrated  in  Fig.  87» 

It  will  occasionally  happen,  that  particles  of  the  carbon  of  the  filter 
obstinately  resist  inciueration.  In  such  cases  the  Operation  may  be  pro- 
moted  by  putting  a small  lump  of  fused  and  dry  nitrate  of  ammonia  into 
the  crucible,  placing  the  lid  on  the  latter,  and  applying  a gentle  heat  at 
first,  which  is  gradually  increased. 

In  cases  where  the  precipitate  may  be  easily  detached  from  the  filter, 
the  preceding  method  is  occasionally  modified  in  this,  that  the  precipitate 
is  put  into  the  crucible,  and  the  filter,  with  the  still  adhering  particles, 
folded  loosely  together,  and  laid  over  the  precipitate.  In  other  respects, 
the  Operation  is  conducted  in  the  manner  above  described. 

§36. 

seoond  method.  ( Heating  the  precipitate  to  redness,  and  incineratiny 

the  filter  separately .) 

This  method  is  resorted  to  in  cases  where  a reduction  of  the  precipitate 
from  the  action  of  the  carbon  of  the  filter  is  apprehended  ; and  also  where 
the  ignited  precipitate  is  required  for  further  investigation,  in  which  the 
ashes  of  the  filter  might  form  a disturbing  element.  The  mode  of  proceed- 
ing  is  as  follows  : — 

The  crucible  intended  to  receive  the  precipitate,  is  placed  upon  a slieet 
of  glazed  paper  ; the  perfectly  dry  filter  with  the  precipitate  is  taken  out 
of  the  funnel,  and  gently  pressed  together  over  the  paper,  to  detach  the 
precipitate  from  the  filter  ; the  precipitate  is  now  placed  in  the  crucible, 
and  the  particles  still  adhering  to  the  filter  are  removed  from  it,  as  far 
as  practicable,  by  gentle  scraping  and  friction,  and  are  then  likewise  thrown 
into  the  crucible.  The  filter  is  then  cut  into  eight  or  ten  small  pieces, 
with  a pair  of  clean  scissors  over  the  glazed  paper  ; the  lid  of  the  crucible 
is  heated  to  redness  over  a Berzelius-lamp,  or  gas-flame,  and  the  pieces 
are  placed  one  by  one  upon  the  red-hot  cover,  with  a pair  of  small  pincers 
— the  application  of  a gentle  red  heat  being  continued  until  the  last  trace 
of  carbon  is  completely  consumed. 

If  the  lid  of  the  crucible  happens  to  be  large,  and  the  filter  small, 
there  is  no  need  of  cutting  up  the  latter  ; it  is  in  that  case  simply  folded 
together  and  burat  in  the  usual  way  upon  the  lid.  The  lid  is  then 
laid  on  a porcelain  crucible,  and  covered  over  with  a beaker-glass.  As  has 
already  been  stated,  certain  precipitates,  the  phosphate  of  magnesia  and 
ammonia,  for  instance,  are  not  altogether  insoluble  in  the  rinsing  water. 
In  the  case  of  precipitates  of  this  kind,  the  filter  gets  soaked  with 
a saline  solution,  though  an  extremely  dilute  one  ; and  the  subsequent  in- 
cineration,  consequeutly,  often  requires  a long  protracted  application  of 
a red  heat.  In  such  cases,  the  inciueration  of  the  filter  mav  be  promoted 
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by  gently  pressing  the  still  unconsumed  particles  with  a smooth  platinum 
wire,  or  platinum  spatula,  against  the  red-hot  lid,  to  bring  them  into  the 
most  intimate  contact  with  it.  Much  patience  is  required  for  tlris  Opera- 
tion. It  need  hardly  be  mentioned,  that  it  must  always  be  conducted 
in  a spot  entirely  protected  from  currents  of  air. 

When  perfect  incineration  of  the  filter  has  been  effected,  the  particles  of 
the  precipitate  that  may  liave  chanced  to  fall  upou  the  sheet  of  glazed  paper, 
are  transferred  to  the  crucible,  and  the  precipitate  is  now  heated  to  red- 
ness.  The  lid,  with  the  ashes,  is  then  fiually  put  on — (in  cases  where 
the  precipitate  is  required  for  further  investigation,  in  wlrich  the  presence 
of  the  ashes  might  prove  a disturbing  element,  the  cover  must,  of  course, 
be  put  ou  in  a manner  to  prevent  the  filter  ashes  falliug  into  the  crucible) 
— the  application  of  red  lieat  being  continued  for  a moment  longer  ; the  cru- 
cible is  then  allowed  to  cool  a little,  and  placed,  still  hot,  under  the  bell- 
glass,  where  it  is  left  to  cool.  It  is  then  finally  weighed. 

Certain  precipitates  suffer  some  essential  modification  in  their  properties, 
in  their  solubility,  for  instance,  from  the  application  of  a red  heat.  In 
cases  where  a portion  of  a substance  of  the  kind  is  required  after  the 
weighing,  for  some  other  purpose  with  which  the  effects  of  a red  heat 
would  interfere,  the  two  operations  of  dryiug  and  heating  to  redness  may 
be  combined  in  the  following  way the  precipitate  is  collected  on  a filter 
dried  at  212ü;  it  is  then  dried,  likewise,  at  212°,  and  weighed.  A 
portion  of  the  dry  precipitate  is  then  put  iuto  a weighed  crucible,  and  its 
exact  weight  ascertained  ; it  is  now  exposed  to  a red  heat,  allowed  to  cool 
in  the  usual  way,  and  weighed  again  ; the  diminution  of  weight  which  it 
has  undergone  is  then  calculated  on  the  whole  amount  of  the  precipitate 
in  hand. 


§ 37. 

5.  ANALYSIS  BY  MEASURE. 

It  may  be  readily  gathered  from  the  preceding  paragraph  that  the  quan- 
titative estimation  of  a substance  in  the  usual  way,  viz.,  by  Converting  it,  by 
evaporation,  or  precipitation,  into  a weighable  form,  is  always  rather  a 
protracted  task  ; evaporation,  subsidence  of  precipitates,  filtration,  wrashing, 
drying,  heating  to  redness,  weighing,  being  all  of  them  operations  requiring 
much  time. 

Certain  methods  in  which  all,  or  nearly  all  of  these  operations  are 
dispetised  with,  and  which  are  accordingly  much  more  expeditious,  have, 
therefore,  of  late  beeu  frequently  resorted  to,  and  with  the  best  success, 
particularly  in  quantitative  estimations  for  technical  purposes.  The  prin- 
ciple  of  these  methods  may  best  be  illustrated  by  a few  examples. 

Suppose  we  have  prepared  a solution  of  cliloride  of  sodium,  containing 
in  100  j>arts  0-7307  parts  of  the  salt ; with  this  solution  we  may  pre- 
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cipitate  exactly  1*3496  grm.  of  silver  from  its  solution  in  nitric  acid — the 
equivalent  of  cldoride  of  sodium  being  730*7,  that  of  silver  1349*6. 
Now,  suppose  we  have  an  alloy  before  us,  consisting  of  unknown  quan- 
tities  of  silver  and  copper,  we  want  to  deterraine  the  amount  of  silver 
present.  In  tliis  case,  we  need  simply  weigh  off  1*3496  grm.  of  the 
alloy,  dissolve  carefully  in  nitric  acid,  and  add  to  the  solution  our 
solution  of  chloride  of  sodium,  drop  by  drop,  until  the  whole  of  the 
silver  is  thrown  down,  and  an  additional  drop  fails  to  produce  a 
further  precipitate.  The  amount  of  silver  present  may  now  simply  be 
calculated  from  the  amount  of  solution  of  chloride  of  sodium  used.  Thus, 
supposing  we  had  used  80  parts  of  our  solution,  the  amount  of  silver 
present  in  the  alloy  would  be  80  per  cent ; as  100  parts  of  our  solution  of 
chloride  of  sodium  will  throw  down  1*3496  of  pure  silver,  it  follows 
that  every  one  hundredth  part  of  our  chloride  of  sodium  solution  cor- 
responds  to  one  per  cent  of  silver. 

Another  example.  It  is  well  known  that  iodine  and  sulphuretted 
liydrogen  cannot  exist  together : whenever  these  two  substances  are 
brought  in  contact,  decomposition  immediately  ensues,  the  liydrogen 
separating  from  the  sulphur  and  joining  the  iodine  (I  + HS  = HI  + S). 
Hydriodic  acid  exercises  no  action  on  starch  paste,  whereas  the  least 
trace  of  free  iodine  imparts  to  the  latter  substance  a blue  tint.  Now,  if 
we  prepare  an  alcoholic  solution,  containing  in  100  parts,  17*463  of  iodine, 
we  may  with  this  decompose  exactly  one  gramme  of  sulphuretted  hvdro- 
gen,  for  212*5  : 1586  : : 1 : 7*463.  Let  us  suppose,  then,  we  have  before 
us  a fluid  containing  an  unknown  amount  of  sulphuretted  hydrogen, 
whicli  it  is  our  inten tion  to  determine.  We  need  simply  add  to  it  a 
little  starch  paste,  and  then  add  drop  by  drop  our  solution  of  iodine,  until 
a persistent  blue  coloration  of  the  fluid  indicates  the  formation  of  iodide 
of  starch,  and  hence  the  absolute  and  complete  decomposition  of  the  sul- 
phuretted hydrogen.  The  amount  of  the  latter  originally  present  in  the 
fluid  may  now  be  readily  calculated  from  the  amount  of  solution  of  iodine 
used.  Every  one-hundredth  part  of  the  latter  corresponding  to  00*1  grm. 
of  sulphuretted  hydrogen. 

The  principle  of  these  methods  consists  accordingly  in  this,  that  a 
Chemical  decomposition  is  effected,  of  which  the  exact  point  of  termination 
may  be  clearly  and  distinctly  observed  ; and  that  this  decomposition  is 
effected  by  means  of  a fluid  of  accurately  known  composition,  the  action 
and  combining  proportions  of  the  active  agent  in  it  being  likewise  accurately 
known,  so  that  the  quantity  used  of  the  latter  may  be  determined  with  the 
greatest  precision. 

Whether  the  quantitative  estimation  be  made  here  by  weight,  or  by 
measure  is  a matter  of  perfect  indifference.  But  as  the  process  of  mea- 
suring,  from  its  greater  expedition  and  convenience,  is  mostlv  resorted  to  in 
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preference  to  that  of  weighing,  these  methods  are  usually  coraprised  under 
the  collective  name  of  analysis  by  measure. 

The  details  of  the  various  methods  of  analysis  by  measure  will  be  treated 
of  hereafter.  I will  simply  point  out  here  the  conditions  on  which  the 
accuracy  of  the  results  depends. 

a.  The  decomposition  which  forms  the  leading  point  of  the  analysis 
must  always  remain  the  same ; tlius,  for  instance,  a precipitate  forming 
must  present  exactly  the  same  composition  throughout,  no  matter  whether 
it  forms  at  the  commencement  of  the  Operation,  when  one  of  the  sub- 
stances  is  still  predominant,  or  at  the  end  when  that  predomiuance  has 
ceased. 

b.  The  termination  of  the  process  of  decomposition  must  be  most  clearly 
and  unmistakeably  discernible. 

. c.  The  decomposing  fluid  must  admit  of  the  most  accurate  preparation, 
either  by  dissolving  a weighed  quantity  of  a substauce  of  perfectly  and 
aceurately  known  nature  and  composition,  in  a definite  volume  of  fluid ; 
or  by  preparing  in  the  first  place  a solution  of  approximately  known  com- 
position, determining  then,  by  experiments,  the  exact  and  proportionate 
amount  of  the  active  agent  in  it,  and  diluting  it  finally  to  the  required 
degree.  If  the  test  fluid  keeps  unaltered,  this  is  a great  advantage,  as, 
in  the  contrary  case,  we  have  to  determine  the  proportionate  amount  of  the 
active  agent  in  it  anew,  on  the  occasion  of  every  fresh  analysis. 

d.  The  quantitative  estimation  must  be  as  rigorously  precise  as  may  be 
practicable.  To  enable  us  to  achieve  the  utmost  in  this  respect,  we  pre- 
pare  in  very  accurate  analyses  by  measure,  besides  the  actual  test  fluid, 
another  solution,  ten  times  more  dilute,  by  adding  to  the  former  nine  parts 
of  water,  spirits  of  wine,  or  some  other  fluid,  as  the  case  may  be.  Wenow 
effect  the  decomposition  of  the  solution  under  examination,  partially  only, 
though  very  near  to  completion,  with  a most  aceurately  measured  quantity 
of  the  concentrated  test  fluid,  and  complete  the  Operation  then  finally  with 
the  dilute  test  fluid.  By  this  means  we  guard  in  a great  measure 
against  the  risk  of  adding  too  much  of  the  test  fluid,  and  gain,  more- 
over,  a higher  degree  of  accuracy  in  the  measuring. 

e.  The  decomposition  must,  of  course,  always  be  conducted,  so  as  to 
guard  against  loss  of  any  of  the  active  agents. 


§§  38,  39.] 
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SECTION  II. 

REAGENTS. 

§ 38. 

For  general  Information  respecting  reagents,  I refer  the  Student  to  my 
volume  on  Qualitative  Analysis. 

The  instructions  given  here  will  be  confined  to  the  preparation,  testing, 
and  most  important  application  of  those  Chemical  substances  which  sub- 
serve  principally  and  more  exclusively  the  purposes  of  quantitative  ana- 
lysis.  Those  reagents  which  are  equally  applied  in  qualitative  investiga- 
tions,  and  that  have  accordingly  been  treated  of  already  in  the  volume  on  the 
qualitative  branch  of  the  analytical  Science,  will  be  simply  enumerated. 

The  Classification  adopted  in  my  qualitative  analysis  has  been  retained 
here,  not  because  it  is  free  from  objection,  but  because,  upon  the  wliole,  it 
may  be  considered  the  most  convenient. 

The  mode  of  preparing  and  testing  those  reagents  which — as  the  test 
acids,  for  instance,  used  in  analyses  by  measure — simply  subserve  some 
specific  purpose,  will  be  found  where  we  shall  have  occasion  to  speak  of 
their  application. 

A.  REAGENTS  IN  THE  HUMID  WAY. 

I.  GENERAL  REAGENTS. 
a.  Reagents  principally  used  as  simple  solvents. 

§ 39. 

1.  distilled  water  (see  Qualitative  Analysis). 

Water  intended  for  quantitative  investigations  must  be  perfectly  pure. 
Water  distilled  from  glass  vessels  leaves  a residue  upon  evaporation  (see 
experiment,  No.  1),  and  is  therefore  inapplicable  for  many  purposes; 
thus,  for  instance,  we  cannot  use  it  to  determine  the  exact  degree  of  solu- 
bility  of  sparingly  soluble  substances.  For  certain  uses  it  is  necessary  to 
free  the  water  by  ebullition  from  atmospheric  air,  and  carbonic  acid. 
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2.  ALCOHOL. 

1 . Äbsolute  alcohol.  2.  Spirits  of  wine  of  various  degrees  of  strength. 

3.  ETHER. 

The  application  of  ether  as  a solvent  is  very  limited.  It  is  more  fre- 
quently  used  mixed  with  spirits  of  wine,  in  order  to  diminish  tlie  solvent 
power  of  tlie  latter  for  certain  substances,  e.  g.  bichloride  of  platinum 
and  cbloride  of  ammonium. 

b.  Reagents  which  are  principally  used  as  Chemical  solvents. 

§40. 

1.  HYDROCHLORIC  ACID. 

An  acid  of  1*12  sp.  gr.  suffices  for  most  purposes  ; in  some  cases,  how- 
ever,  it  is  required  stronger. 

2.  N1TRIC  ACID. 

An  acid  of  1 *2  sp.  gr.  suffices  for  most  purposes. 

3.  FUMING-NITR1C  ACID. 

Preparation. — Two  parts  of  pure  and  dry  nitrate  of  potassa  are  introduced 
into  a capacious  retort,  and  one  part  of  hydrated  sulphuric  acid  is  poured 
upon  tbis  salt,  either  through  tlie  tube  of  the  retort,  or  if  a common  non- 
tubulated  retort  is  used,  through  the  neck  of  the  latter  by  means  of  a long 
funnel  tube  bent  at  the  lower  end,  carefully  avoiding  soiling  the  neck  of 
the  retort.  The  latter  is  then  placed  in  a sand-bath,  and  connected  with 
a receiver,  hut  not  quite  air-tight.  The  distillation  is  conducted  at  a 
gentle  heat,  and  carried  to  dryness.  The  cooling  of  the  receiver  must  he 
properly  attended  to  during  the  distillation. 

Red  fuming  nitric  acid  intended  for  analvtical  purposes,  must  be  in  a 
state  of  the  greatest  possible  conceutration,  and  perfectly  free  from  any 
admixture  of  sulphuric  acid. 

Uses. — This  acid  is  a powerful  dissolving  and  oxidising  agent ; it  serves 
more  especially  to  convert  sulphur  and  the  sulphides  into  sulphuric  acid, 
and  sulphates. 

4.  Nitrohydrochloric  acid. 

5.  Acetic  acid. 

6.  Chloride  of  ammonium. 
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c.  Reagents  lohich  serve  principally  to  separate  substances  into  general 

classes,  or  groups. 

§ 41. 

1.  SULPHURIC  ACID. 

0.  CHEMICALLY  PURE,  CONCENTRATED  SULPHURIC  ACID. 

Preparation. — From  tliree  to  four  pounds  of  common  sulphuric  acid 
are  introduced  into  a capacious  glass  retort,  coated  externally  with  a 
mortar  of  clay  and  cow-hair ; a coil  of  platinum  wire,  or  a few  fragments 
of  platinum,  are  thrown  into  the  retort,  and  the  latter  is  placed  deep  into 
a •wind  furnace  (which  is  subsequently  covered  with  a cap)  ; the  neck  of 
the  retort  is  introduced  into  the  body  of  a large  globular  receiver,  with- 
out  luting.  The  contents  of  the  retort  are  then  gradually  heated  to  boil- 
ing,  by  surrounding  the  latter  with  red-hot  charcoal,.taking  care  in  the 
course  of  the  Operation  to  make  the  fire  act  principally  upon  the  top  and 
sides,  and  less  upon  the  bottom,  of  the  retort. 

If  these  instructions  be  strictly  followed,  the  distillation  will  proceed 
quietly,  and  the  operator  need  be  under  no  apprehension  of  danger.  The 
acid  which  passes  over  first  contains  an  admixture  of  nitric  acid  ; to  ob- 
tain  a perfectly  pure  acid,  therefore,  the  receiver  is  changed  after  some 
time,  and  the  distillation  is  then  continued  until  about  three-fourths  of  the 
acid  in  the  retort  has  passed  over. 

The  distillation  may  be  conducted  also  in  a sand-bath,  with  a large 
amount  of  sand  at  the  bottom,  but  so  narrow  that  only  a small  space  is  left 
intervening  between  its  sides  and  the  walls  of  the  retort ; the  latter  is 
covered  with  sand,  and  a very  inclined  position  given  to  the  neck.  The 
distillation  is  then  conducted  as  above.  In  this  manner  (i.  e.  in  the  sand- 
bath)  ten  pounds  and  more  of  sulphuric  acid  may  be  distilled  at  a time 
without  danger. 

Testing.— Chemically  pure  sulphuric  acid  leaves  no  residue  upon  eva- 
poration  upon  a platinum  knife.  See  also  Qualitative  Analysis. 

b.  COMMON  SULPHURIC  ACID. 

C.  DILUTE  SULPHURIC  ACID. 

Dilute  sulphuric  aid  is  prepared  by  mixing  concentrated  sulphuric  acid, 
pure,  or  common,  according  to  the  requirements  of  the  case,  with  five 
parts  of  water. 

2.  SULPHURETTED  HYDROGEN  (lIYDROSULPHURIC  ACIü). 
a.  Sulphuretted  hydrogen  gas. 

For  the  mode  of  preparing,  &c.,  sulphuretted  hydrogen  gas  for  occa- 
sional  use,  I refer  the  Student  to  my  volume  ou  Qualitative  Analysis. 
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For  large  laboratories,  and  to  chemists  who  have  occasion  to  make 
considerable  and  frequent  use  of  this  reagent,  I would  recommend  my  new 
lead  apparatus,*  illustrated  in  Fig.  38,  and  which  I use  in  my  own  labo- 
ratory  witli  the  best  success. 

ab  c d and  efgh  are  two  cylindrical  leaden  vessels,  soldered  with  pure 
lead.  They  are  both  of  tbe  same  size  (in  my  own  apparatus  33  centime- 
ters.higb,  and  30  centimeters  in  diameter).  i is  a false  bottom  of  lead, 
perforated  with  numerous  holes,  of  millimeters  diameter,  and  placed 
from  4 to  5 centimeters  above  the  actual  bottom  of  the  vessel ; this  false 
bottom  rests  on  leaden  feet,  which  support  it  not  only  on  the  sides,  but 
more  particularly  in  the  centre ; at  k is  the  opening,  where  the  sulphide 
of  iron  is  put  in.  In  my  own  apparatus,  this  opening  is  7 centimeters  in 
diameter.  It  has  a broad  smooth  rim,  on  which  the  corresponding 
rim  of  the  smooth-turned  cover  is  fastened  down  with  three  handle 
screws  of  iron,  or  brass,  a greased  leather  ring  being  first  interposed.  At 
l is  the  opening  where  the  solution  of  sulphate  of  iron  is  let  off.  The  en- 
graving  shows  that  this  aperture,  which  is  3 centimeters  in  diameter,  is 
made  at  a somewhat  deepened  part  of  the  bottom  y h ; it  has  a broad 
smooth  rim,  on  which  the  corresponding  rim  of  a smooth-turned 
leaden  cover  is  fastened  down  with  a handle  screw ; the  female  screw 
is  set  in  a semi-elliptical  bar,  hinged  to  the  sides  of  l in  a manner  to 
admit  of  its  being  bent  out  of  reach  of  the  liquid,  on  the  drawing  off  of  the 
latter.  The  engraving  shows  with  sufficient  clearness  the  construction  of  the 
filling  tuhe  m,  and  also  that  of  the  tube  d h,  which  is  intended  to  convey  the 
acid  from  the  upper  to  the  lower  vessel,  and  vice  versa.  It  will  be  seen  tbat 
this  latter  tube  reaches  down  to  tbe  deepened  part  of  the  bottom  g h,  but 
without  touching  the  latter.  The  tube  c e is  closed  at  the  top,  and  thus  has  no 
communication  whatever  with  the  upper  vessel ; it  is  intended  to  let  off  the 
gas  evolved  in  efgh,  and  is  to  that  end  furnished  with  a branch  tube  o,  pro- 
vided  with  a stop-cock  n.  The  tube  q is  then  closed  at  both  ends,  and  serves 
simply  as  a support.  The  tubes  in  my  apparatus  have  a diameter  of  16 
millimeters. 

The  Operation  of  filling  is  performed  as  follows,  the  quantities  here 
given  referring  to  an  apparatus  of  the  same  dimensions  as  my  own : — 3‘3 
killogrammes  of  fused  sulphide  of  iron  in  large  lumps  are  put,  through  k, 
on  the  perforated  bottom  i ; the  covers  are  then  carefully  screwed  down  on 
k and  l,  the  stop-cock  n is  closed,  and  seven  litres  f of  water  are  poured 
in  through  the  funnel  of  m,  followed  by  one  litre  of  concentrated  sulphuric 
acid,  and  then  again  seven  litres  of  water.  The  air  in  ab  c d escapes 
during  this  Operation  through  p,  even  though  that  tube  be  already 
connected  with  the  bottles  r,  s,  t. 

* Made  after  my  own  design,  by  Mr.  Stumpf,  of  Wiesbaden,  of  excellent  workmanship, 
and  at  a reasonable  price. 

f One  litre  = 1 pint,  15  F.  ounces,  1 F.  dr.  43  minims,  imperial  measure. 


Fig.  38.  FiS-  39 
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If  vve  now  open  tlie  cock  n and  one  of  the  cocks  u,  the  acid  will  flow 
through  the  tube  d h to  the  vessel  e f g h.  At  first  air  escapes  from  o, 
afterwards  sulphuretted  hydrogen  gas.  As  the  engraving  shows,  the  tube 
o rises  only  to  a certain  elevation,  when  it  makes  a bend,  and  continues 
thence  horizontally  ; tliis  tube  is  provided  with  as  many  close-fitting  brass 
gas  stop-cocks  (u  u)  as  the  operator  may  choose  to  put  on ; tbese  cocks 
are  connected  with  a small  washing  bottle,  from  which  rises  a bent 
glass  tube  connected  at  v,  by  means  of  a small  vulcanized  India-rubber 
tube,  with  a straight  glass  tube  which  reacbes  down  into  the  fluid 
to  be  precipitated ; tbis  latter  contrivance  greatly  facilitates  the  cleaning 
of  the  tube.  Now,  if  we  open  one  of  the  cocks,  u (the  stop-cock  n being, 
of  course,  also  opened),  we  obtain  a constant,  steady  stream  of  gas  which 
continues  for  days,  and  may  be  readily  regulated  according  to  the  require- 
ments  of  the  case.  If,  on  the  other  band,  we  close  all  tlie  cocks  u,  the 
gas  evolved  in  efg  h forces  the  acid  up  through  h d,  and  the  evolution  of 
gas  ceases. 

The  cessation  of  the  disengagement  of  gas  is  not  instantaneous,  however, 
since  the  sulphide  of  iron  continues  still  moistened  with  acid;  and, 
besides,  small  particles  of  the  sulphide  will  always  fall  through  the 
perforations  of  the  false  bottom,  and  remain  thus  in  contact  with  the  rest 
of  the  acid  covering  the  bottom  g h.  The  gas  now  evolved  being  stopped 
from  escaping  through  o,  forces  the  fluid  in  h d up,  passes  through  the 
acid  in  a b c d,  and  finally  escapes  through  p. 

To  save  this  gas,  and  keep  it  from  poisoning  the  air,  the  tube  p is 
connected  with  the  bottles  r,  s,  t ; the  first  of  these  bottles,  r,  serves 
the  purpose  of  a washing  bottle,  but  is  filled  with  cotton  instead  of  water 
(were  it  filled  with  water,  that  fluid  would  speedily  recede)  ; s and  t 
contain  ammonia,  but  the  two  together  only  as  much  as  either  of  them 
alone  could  conveniently  hold,  since  from  the  alternate  increasing  and 
decreasing  pressure  of  the  gas,  the  fluid  passes  at  one  time  from  s to  t, 
at  another  from  t to  s.  I need  hardly  mention  that  sulphide  of  ammonium 
is  formed  in  these  bottles. 

When  the  evolution  of  gas  lias  finally  ceased,  that  is,  of  course,  with  the 
cocks  u u open,  the  acid  is  consumed,  but  not  yet  the  sulphide  of  iron, 
the  latter  being  calculated  for  double  the  quantity  of  acid  used.  The 
sulphate  of  iron  solution  is,  therefore,  now  drawn  off,  and  the  same  quantity 
of  acid  and  water  as  before  once  more  introduced. 

b.  Sulphuretted  hydrogen  icater. 

3.  HyDROSULPHATE  OF  SULPHIDE  OF  AMMONIUM. 

4.  HyDROSULPHATE  OF  SULPHIDE  OF  SODIUM. 

5.  POTASSA  AND  SODA. 

a.  Solution  of  soda. 

b.  Hydrate  of  potassa  purified  with  alcohol. 
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c.  Hydrate  of  potassa  prepared  toith  baryta. 

6.  Carbonate  of  SODA. 

Tliis  reagent  is  required  both  in  solution  and  in  pure  crystals ; in  the 
latter  form  to  neutralize  an  excess  of  acid  in  a fluid  which  it  is  desirable 
not  to  dilute  overmuch. 

7.  Ammonia. 

8.  Carbonate  of  ammonia. 

9.  Chloride  of  barium. 

10.  Nitrate  of  baryta. 

11.  Cyanide  of  potassium. 

This  substance  is  extensively  used  in  quantitative  analysis  to  separate 
certain  metals  from  one  another.  The  aqueous  solution  of  it  must  be 
prepared  fresh  every  time  it  is  required  for  use. 

12.  Nitrate  of  silver. 

13.  Chlorine. 

II.  SPECIAL  REAGENTS  IN  THE  HUMID  WAY. 

a.  Reayents  which  serve  principally  to  determine , or  to  separate 

certain  bases. 

§ 42. 

1.  Phosphate  of  ammonia. 

Preparation. — Mix  pure  dilute  phosphoric  acid  (prepared  from  phos- 
pliorus)  of  1*13  sp.  gr.  with  an  equal  quantity  of  water,  add  pure 
ammonia  to  the  mixture  until  it  sbows  a strongly  alkaline  reaction,  let  it 
stand  some  time,  Alter,  if  necessary,  and  keep  for  use. 

Tests. — Phosphate  of  ammonia  must  be  free  from  any  admixture  of 
arsenic  acid,  nitric  acid,  and  sulphuric  acid,  but  more  particularly  of 
potassa,  or  soda.  The  presence  of  either  of  these  alkalies  may  be  detected  by 
adding  pure  solution  of  acetate  of  lead,  until  the  formation  of  a precipitate 
ceases,  flltering,  precipitating  the  excess  of  lead  with  sulphuretted  liydrogen, 
flltering  again,  evaporating  to  dryness,  and  igniting  the  residue.  If  there  now 
remains  a residue  soluble  in  water,  and  of  alkaline  reaction,  this  may  be 
considered  a conclusive  proof  of  the  original  presence  of  soda,  or  potassa. 

In  most  cases  phosphate  of  soda  (see  Qualitative  Analysis)  may  be 
substituted  for  phosphate  of  ammonia. 

2.  Oxalate  of  ammonia. 

3.  SüCCINATE  OF  AMMONIA. 

Preparation. — Saturate  succinic  acid,  which  lias  been  purifled  by  re- 
crystallization  from  its  solution  in  nitric  acid,  with  dilute  solution  of 
ammonia.  The  reaction  of  the  new  compound  should  be  rather  slightly 
alkaline  than  acid. 

Uses. — This  reagent  serves  occasioually  to  separate  sesquioxide  of  iron 
from  other  metallic  oxides. 
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4.  Baryta  water. 

5.  Carbonate  of  baryta. 

G.  Protosulphate  of  iron. 

7.  Oxide  of  mercury. 

This  latter  reagent  serves,  in  quantitative  investigations,  principally  to  de- 
compose  cliloride  of  magnesium  in  the  process  of  separating  magnesia  from 
tlie  alkalies. 

8.  Chloride  of  mercury. 

9.  Piiotochloride  of  tin. 

10.  TeRCHLORIDE  OF  GOLD. 

11.  Bichloride  of  platinum. 

12.  Hydrofluosilicic  acid. 

13.  Tartaric  acid. 

14.  SüLPHITE  OF  SODA. 

15.  CoPPER. 

The  copper  of  commerce,  with  the  exception  of  Japanese  copper,  wliich 
it  is  not  always  easy  to  procure,  is  rarely  sufficiently  pure  for  analytical 
purposes.  The  following  is  the  most  convenient  mode  of  preparing  pure 
copper : precipitate  the  metal  from  a solution  of  sulphate  of  copper  by  a 
clean  plate  of  iron,  free  the  precipitated  copper  from  the  iron  by  boiling 
with  liydrochloric  acid ; wash,  dry,  and  fuse  the  pure  copper  obtaiued,  and 
roll  it  into  thin  sheets. 

Tests. — Pure  copper  must  dissolve  completely  in  nitric  acid,  and  addition 
of  ammonia  in  excess  to  this  solution  must  not,  even  after  long  standing, 
produce  in  it  the  faintest  trace  of  a precipitate  (iron,  lead,  &c.) ; neither 
should  the  addition  of  liydrochloric  acid  render  the  solution  turbid 
(silver).  Sulphuretted  hydrogen  must  precipitate  the  copper  completely 
from  a neutral  solution  of  the  nitrate. 

TJses. — This  metal  serves  us  occasionally  in  indirect  analysis  ; thus  it 
is  used,  for  instance,  to  determine  the  amount  of  copper  present  in  a fluid, 
and  also  the  amount  of  protoxide  of  iron  existing  in  the  presence  of  the 
sesquioxide  of  that  metal,  &c. 

b.  Reagents  wliich  serve  principally  to  determine,  or  to  separate,  certain 

acids. 


§43. 

1.  Acetate  of  soda. 

2.  Molybdate  of  ammonia. 

Preparation. — Dissolve  one  part  of  molybdic  acid  in  eight  parts  of  am- 
monia, and  add  to  the  solution  30  parts  of  nitric  acid  ; keep  the  fluid  in  a 
well  closed  bottle.  (See  qualitative  analysis.) 

Uses. — The  molybdate  of  ammonia  supersaturated  with  nitric  acid, 
serves,  in  certain  difficult  cases,  to  effect  the  Separation  of  phosphoric  acid. 

3.  Chloride  of  calcium. 
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4.  Fluoride  of  calcium. 

This  substance  is  used  in  quantitative  analysis  to  displace  and  determine 
boracic  acid ; none  but  perfectly  pure  fluor-spar  (like  tbat  of  Derbyshire), 
free  from  any  admixture  of  silicic  acid,  is  applicable  for  this  purpose. 
The  hydrofluoric  acid  used  in  analytical  investigations  for  the  decom- 
position  of  silicates,  may  be  prepared  from  a less  pure  kind  of  fluor-spar 
than  that  of  Derbyshire. 

Tests. — The  best  way  of  testing  the  purity  of  fluor-spar,  in  case  of 
doubt,  is  to  pulverise  it  finely,  and  to  treat  a weighed  amount  of  the 
powder  with  pure  concentrated  sulphuric  acid,  in  a platinum  crucible, 
at  a gentle  heat,  which  is  gradually  increased  to  redness ; the  same 
Operation  being  repeated  until  the  weight  of  the  residue  remains  constant. 
The  fluor-spar  may  be  considered  pure  if  the  calculated  amount  of  sulphate 
of  lime  is  obtained  by  this  process. 

5.  Sulphate  of  Magnesia. 

6.  Sesquichloride  of  iron. 

7.  Oxide  of  lead. 

Preparation. — Precipitate  solution  of  pure  nitrate,  or  acetate  of  lead 
with  carbonate  of  ammonia,  wash  the  precipitate,  dry  it,  and  expose  the 
residue  to  a gentle  red  heat  until  complete  decomposition  is  effected. 

Uses. — Oxide  of  lead  is  occasionally  used  to  fix  an  acid,  so  as  to  prevent 
its  expulsion  at  a red  heat. 

8.  Neutral  acetate  of  lead. 

9.  Protochloride  of  Palladium  and  sodium. 

B. — REAGENTS  IN  THE  DRY  WAY. 

§ 44. 

1.  Carbonate  of  soda. 

2.  Carbonate  of  soda  and  potassa. 

3.  Hydrate  of  baryta. 

4.  Bisulphate  of  potassa. 

Preparation. — Mix  87  parts  of  neutral  sulphate  of  potassa  (see  quali- 
tative analysis)  in  a platinum  crucible,  with  49  parts  of  pure  concentrated 
sulphuric  acid,  and  heat  to  gentle  redness,  until  the  mass  is  in  a state  of 
uniform  and  calm  fusion.  Pour  the  fused  salt  into  a platinum  dish, 
standing  in  cold  water.  After  cooling,  break  the  mass  into  pieces,  and 
preserve  for  use. 

Uses. — This  reagent  serves  as  a flux  for  certain  native  compounds  of 
alumina  and  oxide  of  chromium.  Bisulphate  of  potassa  is  used  also,  as 
we  have  already  had  occasion  to  state,  for  the  cleansing  of  platinum 
crucibles ; for  this  latter  purpose,  however,  the  salt  which  is  obtained  as  a 
collateral  product  in  the  preparation  of  nitric  acid,  will  be  found  sufli- 
ciently  pure. 

r 9 
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5.  Nitrate  of  potassa. 

6.  Nitrate  of  soda. 

7.  Carhonate  of  ammonia. 

This  reagent  serves  to  convert  the  bisulphates  of  the  alkalies  into  neutral 
salts.  It  must  completely  volatilize  wlien  heated  in  aplatinum  dish. 

8.  Biborate  of  soda  (fused). 

Preparation. — Ileat  crystallized  biborate  of  soda  (see  qualitative  analysis) 
in  a platinum,  or  porcelain  disb,  until  it  ceases  to  swell ; reduce  the  porous 
mass  to  powder,  and  lieat  the  latter  in  a platinum  crucible  tili  it  is  fused 
to  a transparent  mass  ; pour  the  more  fluid  portion  of  the  mass  into  a 
platinum  dish,  and  remove  the  rest  from  the  crucible  with  a platinum  spa- 
tuia.  Keep  the  biborate  of  soda  thus  obtained  in  a well  stoppered  bottle. 

Uses. — This  reagent  serves  to  expel  carbonic  acid,  and  other  volatile 
acids,  at  a red  heat. 

9.  Hydrogen  &as. 

Preparation. — Hydrogen  gas  is  evolved  when  dilute  sulphuric  acid  is 
added  to  granulated  zinc.  It  may  be  procured  absolutely  pure  by  trans- 
mitting  it,  in  the  first  place,  through  a long  glass  tube  loosely  filled  with 
cotton,  soaked  with  solution  of  cliloride  of  mercury ; afterwards  through 
a solution  of  potassa ; and  finally  through  hydrated  sulphuric  acid.  In 
most  cases,  however,  it  is  only  necessary  to  dry  it,  by  transmission  through 
sulphuric  acid,  or  through  a tube  filled  with  chloride  of  calcium. 

Tests. — Pure  hydrogen  gas  is  iuodorous.  It  ought  to  burn  with  a 
colorless  flame,  which,  when  cooled  by  depressing  a porcelain  dish  upon 
it,  must  deposit  nothing  on  the  surface  of  the  dish  except  pure  water,  free 
from  acid  reaction. 

Uses. — Hydrogen  gas  is  frequently  used,  in  quantitative  analysis,  to 
reduce  oxides,  chlorides,  sulphides,  &c.,  to  the  metallic  state. 

10.  Chlorine. 

Chlorine  gas  is  purified  and  dried  by  transmitting  it,  first,  through  a 
washing  bottle  containing  concentrated  sulphuric  acid,  and,  finally,  through 
a tube  filled  with  chloride  of  calcium  ; the  latter  may,  however,  be  omitted. 

Uses. — Chlorine  gas  serves  principally  to  produce  chlorides,  and  to 
separate  the  volatile  from  the  non-volatile  chlorides ; it  is  also  used  to 
displace,  and  indirectly  to  determine,  bromine,  and  iodine. 

C.— REAGENTS  APPLIED  IN  ORGANIC  ELEMENTARY 

ANALYSIS. 

§45. 

1.  Oxide  of  copper. 

Preparation. — Mix  pure  copper  scales  with  pure  nitric  acid,  in  a porce- 
lain dish,  to  a thick  paste ; after  the  effervescence  has  ceased,  heat  gently 
in  the  sand-bath  until  the  mass  is  perfectly  dry.  Transfer  the  green  basic 
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salt  produced  into  a Hessian  crucible,  and  heat  to  moderate  redness,  until 
no  more  red  fumes  escape,  which  may  be  readily  ascertained  by  iu- 
troducing  a small  portion  of  tlie  mass  into  a test  tube,  closing  the  latter 
with  tbe  finger,  heating  to  redness,  and  then  looking  through  the  tube 
lengthwise ; in  most  instances,  liowever,  tbe  smell  will  sufficiently  in- 
dicate  wkether  tbe  evolution  of  nitrous  vapors  continues  or  not.  The 
uniform  decomposition  of  tbe  salt  in  tbe  crucible  may  be  promoted  by 
stirring  the  mass  from  time  to  time  with  a hot  glass  rod.  When  the 
crucible  has  cooled  a little,  reduce  the  mass,  which  now  consists  of  pure 
oxide  of  copper,  to  a tolerably  fine  powder,  by  triturating  it  in  a brass 
or  porcelain  mortar ; pass  the  powder  through  a metal  sieve,  and  keep 
the  sifted  portion  in  a well-stoppered  bottle  for  use.  It  is  always  advisable 
to  leave  a small  portion  of  the  oxide  in  the  crucible,  and  to  expose  this 
again  to  an  intense  red  heat.  This  portion  is  not  pounded,  but  simply 
broken  into  small  fragments,  which  are  kept  in  a separate  bottle. 

Tests. — Pure  oxide  of  copper  is  a compact,  heavy,  deep  black  powder, 
grittv  to  the  touch,  and  absolutely  insoluble  in  water  ; upon  exposure  to 
a red  heat,  it  must  evolve  no  nitrous  acid  fumes,  nor  carbonic  aeid, 
tbe  latter  would  indicate  contamination  with  fragments  of  charcoal,  or 
with  dust.  That  portion  of  the  oxide  which  has  beeil  exposed  to  an  in- 
tense red  heat,  should  be  hard,  and  have  a grayish  black  appearance. 

JJses. — Oxide  of  copper  serves  to  oxidize  the  carbon,  and  liydrogen  of 
organic  substances,  yielding  up  its  oxygen  wholly,  or  in  part  according  to 
circumstances.  That  portion  of  the  oxide  which  has  beeil  heated  to  the 
most  intense  redness,  is  particularly  useful  in  the  analysis  of  volatile  fluids. 

The  reduced  copper  may  be  again  oxidized  with  nitric  acid,  and  may 
thus  be  used  again  and  again,  for  the  same  purpose.  Should  it  have  become 
mixed  with  alkaline  salts  in  tlie  course  of  the  analytical  process,  it  may  be 
freed  from  such  admixture  by  digesting  it  with  very  dilute,  cold  nitric 
acid,  and  washing  it  afterwards  with  water. 

2.  Chromate  of  lead. 

Preparation. — Precipitate  a clear  filtered  solution  of  acetate  of  lead, 
slightly  acidulated  with  acetic  acid,  with  bichromate  of  potassa  slightly  in 
excess ; decant,  and  wash  the  precipitate  thoroughly  on  a linen  strainer ; 
dry  the  washed  precipitate,  put  it  into  a Hessian  crucible,  and  heat  to 
bright  redness  until  the  mass  is  fairly  in  fusion.  Pour  the  fused  mass 
upon  a stone  slab  or  iron  plate,  let  it  cool,  break  and  pulverize  it,  and  pass 
the  powder  through  a fine  metallic  sieve. 

Tests. — Chromate  of  lead  is  a heavy  powder,  of  a dirty  yellowisli  brown 
co&r  ; it  is  insoluble  in  water.  It  must  evolve  no  carbonic  acid  upon  the 
application  of  a red  heat ; the  evolution  of  carbonic  acid  would  indicate 
contamination  with  organic  matter,  dust,  &c. 

Uses. — Chromate  of  lead  serves,  the  same  as  oxide  of  copper,  for  the 
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combustion  of  organic  substances.  It  is  converted,  in  the  process  of  com- 
bustion,  into  chromic  acid,  and  basic  chromate  of  lead.  It  suffers  the  sarae 
decomposition,  with  evolution  of  oxygen,  wlien  heated  by  itself  beyond  its 
point  of  fusion.  The  property  of  chromate  of  lead  to  fuse  at  a red  heat, 
renders  it  preferable  to  oxide  of  copper  as  an  oxidizing  agent,  in  cases  where 
we  have  to  act  upon  difficultly  combustible  substances.* 

Chromate  of  lead  which  bas  been  used  once  may  be  used  a second  time. 
For  tliis  purpose  it  is  fused  again,  and  the  mass  reduced  to  powder,  in  the 
same  way  as  stated  before.  Should  it  be  deemed  necessary,  the  second 
fusion  may  be  preceded  by  washing. 

3.  Chlorate  of  potassa. 

Preparation. — Heat  commercial  chlorate  of  potassa  in  a platinum,  or 
porcelain  dish,  until  tlie  mass  is  fairly  in  fusion  ; but  no  longer ; pour  the 
fused  mass  into  a platinum  dish,  and  break  it,  whilst  still  hot,  into  small 
pieces.  Preserve  in  a well-stoppered  bottle  for  use. 

Uses. — Chlorate  of  potassa  yields  up  all  its  oxygen  at  a high  tempera- 
ture ; it  is  used,  accordingly,  to  elfect  the  complete  oxidation  of  difficultly 
combustible  organic  substances.  For  the  modus  operandi,  vide  infrd 
(organic  elementary  analysis). 

4.  Soda-lime  (mixture  of  caustic  lime  and  liydrate  of  soda). 

Preparation. — Dissolve  commercial  crystallized  carbonate  of  soda,  in 

the  manner  described  in  the  Qualitative  Analysis ; ascertain  the  strength 
of  the  solution,  and  then  add  a weighed  amount  of  the  best  caustic  lime, 
in  the  exact  proportion  of  two  parts  of  anhydrous  caustic  lime  to  one 
part  of  hydrate  of  soda  contained  in  the  solution,  and  evaporate  to  dryness. 
Heat  tlie  mixture  in  a Hessian  crucible,  keep  it  for  some  time  at  a mode- 
rate red  heat,  and  reduce  the  mass,  whilst  still  warm,  to  a tolerably  fine 
powder.  Keep  the  powder  in  a well-stoppered  bottle. 

Tests. — Soda-lime  must  not  effervesce  much,  when  treated  with  hy- 
drochloric  acid  in  excess ; but  more  particularly,  it  must  not  evolve  am- 
monia,  when  mixed  with  pure  sugar,  and  heated  to  redness. 

Uses. — Soda-lime  serves  in  the  analysis  of  nitrogenous  organic  sub- 
stances. For  the  rationale  of  its  actiou,  vide  infrd,  organic  elementary 
analysis. 

5.  Bicarbonate  of  soda. 

In  certain  processes  of  organic  elementary  analysis  of  nitrogenous  sub- 
stances, bicarbonate  of  soda  serves  to  evolve  the  carbonic  acid,  by  means 
of  which  the  atmospheric  air  is  expelled  from  the  combustion  tube.  The 
commercial  bicarbonate  is  sufficiently  pure  for  this  purpose,  but  it  must  be 
perfectly  dry.  r 

6.  Metallic  copper. 

Metallic  copper  serves,  in  the  analysis  of  nitrogenous  substances,  for  the 

* Chromate  of  lead  should  he  always  employed  in  the  combustion  of  organic  compounds 
containing  chlorine. 
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reduction  of  the  nitric  oxide  gas  tliat  may  form  in  the  course  of  the 
analytical  process. 

It  is  used  eitlier  in  the  form  of  turnings,  or  in  that  of  close  spiral  wire ; 
or  of  small  rolls  made  of  thin  sheet  copper.  A length  of  from  seven  to  ten 
centimeters  is  given  to  tlie  spirals,  or  .rolls,  and  just  sufficient  tliickness  to 
admit  of  their  being  inserted  into  the  upper  end  of  the  combustion  tube. 
To  have  it  perfectly  free  from  anv  admixture  of  dust,  oxide,  &c.,  it  is  first 
heated  to  redness  in  the  open  air,  in  a crucible,  until  the  surface  is  oxidized ; 
it  is  then  put  into  a glass,  or  porcelain  tube,  through  which  an  uninter- 
rupted  current  of  dry  hydrogen  gas  is  transmitted  ; finally,  vvhen  all 
atmospheric  air  has  been  expelled  from  the  evolution  apparatus,  and  the 
tube,  the  latter  is  in  its  whole  length  heated  to  redness.  The  operator 
should  make  sure  that  the  atmospheric  air  has  been  thoroughly  expelled, 
before  he  proceeds  to  apply  heat  to  the  tube  : neglect  of  this  precaution 
may  lead  to  an  explosion. 

7.  PoTASSA. 

a.  Solution  of  potassa. 

Dissolve  one  part  of  purified  carbonate  of  potassa  in  1 2 parts  of  water, 
and  add  to  it  a paste  made  of  two-third  parts  of  lime  mixed  with  three 
times  the  quantity  of  warm  water.  The  mode  of  preparing  the  solution  is 
the  same  as  that  given  in  the  qualitative  analysis  for  the  preparation  of  soda. 

Allow  the  mixture  to  stand  some  time  in  a covered  jar,  decant  the  fluid, 
and  evaporate  it  in  an  iron  vessel,  over  a strong  fire,  down  to  a specific 
gravity  of  1’27 ; pour  it,  still  warm,  into  a bottle,  close  the  latter  well, 
and  wait  until  all  solid  particles  have  subsided.  Draw  the  clear  solution 
off  from  the  Sediment,  and  keep  for  use. 

b.  Hydrate  of  potassa. 

The  commercial  hydrate  of  potassa  may  answer  the  purpose.  If  you 
wish  to  prepare  it  yourself,  evaporate  solution  of  potassa  (a)  in  a silver 
vessel,  over  a strong  fire,  until  the  residuary  hydrate  flows  like  oil,  and 
white  fumes  begin  to  escape  from  the  surface.  Pour  the  fused  roass  out 
on  a clean  iron  plate,  and  break  it  up  into  small  pieces.  Keep  in  a well- 
stoppered  bottle  for  use. 

Uses. — Solution  of  potassa  serves  for  the  absorption,  and  hence  quanti- 
tative estimation  of  carbonic  acid.  In  mauy  cases,  a tube  filled  with  hy- 
drate of  potassa,  is  used  in  addition  to  the  apparatus  filled  with  solution 
of  potassa. 

8.  Chloride  of  calcium. 

a.  Crude  fused  chloride  of  calcium. 

Preparation. — Digest  with  warm  water  the  residuary  mixture  of  chloride 
of  calcium,  and  lime  which  remains  after  the  preparation  of  ammonia ; 
filter,  and  evaporate  the  filtrate  to  dryness,  in  an  iron  vessel ; fuse  the 
residue  in  a Hessian  crucible,  pour  the  fused  mass  out,  and  break  it  up 
into  pieces.  Preserve  in  well-stoppered  bottles. 
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b.  Pure  chloride  of  calcium. 

Preparation. — Dissolve  the  crude  chloride  of  calcium  of  a,  in  water, 
filter  the  solution,  and,  should  it  shew  an  alkaline  reaction,  saturate  it 
with  a few  drops  of  hydrochloric  acid  ; evaporate  it,  in  a porcelain  dish,  to 
dryness,  and  expose  the  residue  for  several  hours  to  a tolerably  strong 
heat  (about  392°),  in  the  sand-bath.  The  white  and  porous  mass  ohtained 
hy  tliis  process  consists  of  Ca  CI  + 2 aq. 

Uses. — The  crude  fused  chloride  of  calcium  serves  to  dry  moist  gases 
and  to  abstract  water  from  fluids ; the  pure  chloride  is  used  in  organic 
elementary  analysis  for  the  ahsorption  and  estimation  of  the  water  formed 
from  the  hydrogen  evolved  from  the  analysed  substance.  The  solution  of 
the  pure  chloride  of  calcium  must  not  possess  an  alkaline  reaction. 


SECTION  III. 

ON  THE  COMPOSITION  AND  PROPERTIES  OF  THE  FORMS  AND  COMBI- 
NATIONS  IN  WHICH  SUBSTANCES  ARE  SEPARATED  FROM  EACH 
OTHER,  OR  IN  WHICH  THEIR  WEIGHT  IS  DETERMINED. 

§ 46. 

The  quantitative  analysis  of  a compound  substance  requires,  as  the  first 
and  most  indispensable  condition,  a correct  and  accurate  knowledge  of  the 
composition  and  properties  of  the  new  combinations,  into  which  it  is  intended 
to  convert  its  several  individual  constituents,  for  the  purpose  of  separating 
them  from  one  another,  and  determining  tlieir  respective  weight.  Regard- 
ing  the  properties  of  the  new  compounds  and  their  deportment,  we  have  to 
inquire  more  particularly,  in  the  first  place,  how  they  comport  themselves 
with  solvents  ; secondly,  what  is  their  deportment  in  the  air ; and,  tliirdly, 
what  phenomena  do  they  manifest  when  exposed  to  the  action  of  a red  heat  ? 
It  may  be  laid  down  as  a general  rule  that  compounds  are  the  better  adapted 
for  quantitative  determination  the  more  insoluble  they  are,  and  the  less 
alteration  theyundergo  upon  exposure  to  the  air,  or  to  a high  temperature. 

The  composition  of  bodies  is  expressed  either  in  percentage  proportions, 
or  in  stoechiometrical,  or  symbolic  formulse  ; hy  means  of  the  latter,  the  Con- 
stitution of  the  more  frequently  recurring  compounds  may  be  more  easily 
committed  to  memory.  In  tliis  section  the  composition  of  the  substances 
treated  of  is  given  in  four  different  ways,  in  as  many  colunms  : the 
first  column  gives  the  composition  of  the  substance  in  symbols ; the 
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second,  in  equivalents  (0=100)  ; tlie  third,  in  equivalents  (H=  1)  ; the 
fourth,  in  percentage  proportions.  With  respect  to  its  composition,  a com- 
pound is  the  better  adapted  for  quantitative  determination,  tlie  less  it  con- 
tains  relatively  of  tlie  substance  which  it  is  intended  to  determine  ; since 
tlie  less  tlie  relative  proportion  of  tlie  latter,  the  less  influence  will  any  error, 
or  loss  of  substance  that  may  occur  in  the  course  of  tlie  analytical  process 
exercise  upon  the  accuracy  of  tlie  results.  Tlius,  bichloride  of  platinum 
and  cliloride  of  ammonium,  for  iustance,  is,  in  this  respect,  better  adapted 
for  the  determination  of  nitrogen  than  chloride  of  ammonium  ; since  100 
parts  of  the  former  contain  only  6-2/  of  that  element,  whilst  100  parts 
of  the  latter  eontain  26*2  of  it. 

Suppose  we  have  to  analyse  a nitrogenous  substance  : — we  convert  its 
nitrogen  into  bichloride  of  platinum  and  chloride  of  ammonium.  The 
process,  conducted  with  absolute  accuracy,  yields  from  0 300  grm.  of  the 
analysed  body,  rOOOgrm.  of  bichloride  of  platinum  and  chloride  of  ammo- 
nium : 100  parts  of  this  double  chloride  contain  6*2 7 parts  of  nitrogen,  1 *000 
contains  therefore  0*0627  of  that  element.  These  0*0627  have  been  derived 
from  0*300  of  substance;  100  parts  of  the  analysed  body,  consequently, 
contain  20' 90  of  nitrogen. 

We  now  make  a second  analysis,  in  which  we  convert  the  nitrogen  of 
the  substance  to  be  analysed  into  chloride  of  ammonium,  instead  of  bi- 
chloride of  platinum  and  chloride  of  ammonium  ; we  again  conduct  the 
process  with  absolute  accuracy,  and  obtain  from  0*300  of  the  substance 
under  examination,  0*2394  of  chloride  of  ammonium,  corresponding  to 
0*0627  of  nitrogen,  or  20*90  per  cent. 

Now,  let  us  assume  a loss  of  10  milligrammes  to  have  occurred  in  each 
process: — this  will  alter  the  result,  in  the  first  iustance,  from  1*000  to 
0*990  of  bichloride  of  platinum  and  chloride  of  ammonium,  corresponding 
to  0.062073  of  nitrogen,  or  20*69  per  cent;  the  loss  of  nitrogen  will  there- 
fore be  20*90  minus  20:69  = 0*21. 

In  the  second  instance  the  result  will  be  altered  from  0*2394  to  0*2294 
of  chloride  of  ammonium,  corresponding  to  0*0601  of  nitrogen,  or  20*03 
per  cent.  The  loss  in  this  case  will  consequently  amount  to  0*87. 

We  see  liere  that  the  same  error  occasions,  in  the  one  case,  a loss  of 
0*21  per  cent,  with  respect  to  the  amount  of  nitrogen;  whilst,  in  the 
other  case,  the  loss  amounts  to  0*87  per  cent. 

We  will  now  proceed  to  enumerate  and  examine  those  combinations  of 
various  substances  which  are  best  adapted  for  their  quantitative  deter- 
mination. The  description  given  liere  of  the  external  form  and  appearance 
of  the  new  compounds,  relates  to  the  state  in  which  they  are  obtained  in 
our  analyses.  With  regard  to  the  properties  of  the  new  compounds,  we 
shall  confine  ourselves  to  the  enumeration  of  those  which  bear  upon  the 
special  object  we  have  liere  more  immediately  in  view. 
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A. FoRMS  AND  COMBINATIONS  IN  WHICH  THE  VARIOUS  BASES  ARE 

SEPARATED  FROH  OTHER  BODIES,  OR  IN  WHICH  THEIR  WEIGHT  IS 
DETERMINED. 


BASES  OF  THE  FIRST  GROUP. 

§ 47. 

1.  POTASSA. 

The  combinations  best  suited  f’or  the  weighing  of  potassa  are,  sulphate 

OF  POTASSA,  NITRATE  OF  POTASSA,  CHLORIDE  OF  POTASSIUM,  BICHLO- 
RIDE  OF  PLATINTJM  AND  CHLORIDE  OF  POTASSIUM. 

a.  Sulphate  of  potassa  crystallizes  usually  in  small,  hard,  oblique, 
four-sided  prisms,  or  in  double  six-sided  pyramids ; in  the  analytical 
process  it  is  obtained  as  a white  crystalline  mass.  It  dissolves  pretty 
readily  in  water  ; it  is  almost  absolutely  insoluble  in  pure  alcohol,  but 
slightly  more  soluble  in  alcohol  containing  an  admixture  of  sulphuric  acid 
(Experiment  No.  6).  It  does  not  affect  vegetable  colors  ; it  is  unalterable 
in  the  air.  The  crystals  decrepitate  strongly  when  heated,  yielding  up  at 
the  same  time  a little  water,  which  they  hold  mechanically  confined. 
The  decrepitation  of  crystals  that  have  been  kept  long  drying  is  less 
marked.  At  a strong  heat  sulphate  of  potassa  fuses  unaltered,  and  without 
volatilizing.  When  exposed  to  a red  heat,  mixed  with  chloride  of  ammo- 
nium,  sulphate  of  potassa  is  partly,  and,  upon  repeated  application  of  the 
process,  wliolly,  converted,  with  effervescence,  into  chloride  of  potassium. 
(H.  Rose.) 

COM  POSITION. 

KO  = 588-86  = 47-1 1 = 54-08 
SO  3 = 500-00  = 40-00  = 45-92 

1088-86  = 87-11  = 100-00 

Bisulphate  of  potassa,  (KO,  SO  3 + HO,  SO  3),  is  always  pro- 

duced  when  neutral  sulphate  of  potassa,  is  mixed  with  free  sul- 
phuric acid  in  excess  and  evaporated  to  dryness.  It  is  fusible  even 

at  a moderate  heat.  At  a red  heat,  it  loses  half  its  sulphuric  acid, 

together  with  the  basic  water,  but  not  readily — the  complete  recon- 
version  of  the  acid  into  the  neutral  salt  requiring  the  long  continued 
application  of  an  intense  red  heat.  When  heated,  however,  in  an  atmo- 
sphere  of  carbonate  of  ammonia — which  may  be  readily  procured  by  re- 
peatedly  throwing  small  lumps  of  pure  carbonate  of  ammonia  into  a 
crucible  heated  to  sliglit  redness,  and  putting  the  lid  on — the  acid  salt 
changes  readily  and  quickly  to  the  neutral  sulphate.  The  transform- 
ation  may  be  considered  complete  as  soon  as  the  salt,  which  was  so  readily 
fusible  before,  re-assumes  the  solid  state,  at  a moderate  red  heat. 

b.  Nitrate  of  potassa  crystallizes  generally  in  long  striated  prisms.  In 
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analysis  it  is  obtained  as  a white  crystalline  mass  ; it  is  readily  soluble  in 
water,  nearly  insoluble  in  absolute  alcohol,  and  scantily  soluble  in  spirits 
of  wine.  It  does  not  affect  vegetable  colors,  and  is  unalterable  in  the 
air.  On  being  exposed  to  a gentle  heat,  far  below  redness,  it  fuses  unal- 
tered and  without  any  diminution  of  weight ; upon  the  application  of  a 
stronger  heat,  it  changes  into  nitrite  of  potassa,  with  evolution  of  oxvgen  ; 
and  if  the  heat  be  increased  to  intense  redness,  it  becomes  converted  into 
caustic  potassa,  and  binoxide  of  potassium,  with  evolution  of  oxygen,  and 
of  nitrogen.  When  exposed  to  a red  heat,  in  conjunction  with  chloride  of 
ammonium,  it  is  readily  and  completely  converted  into  chloride  of  potas- 
sium. 


COM  POSITION. 

KO  = 588-86  = 47-11  = 46-59 

NOs=  675-06  = 54-00  = 53-41 

1263-92  = 101-11  =100-00 

c.  Chloride  of  'potassium  crystallises  usually  in  cubes,  often  lengthened 
to  columns,  rarely  in  octohedrons.  In  the  analytical  process,  we  obtain  it 
either  in  the  former  shape,  or  as  an  amorplious  mass.  It  is  readily  soluble 
in  water,  nearly  insoluble  in  absolute  alcohol,  and  but  slightly  soluble  in 
spirits  of  wine.  It  does  not  affect  vegetable  colors,  and  is  unalterable  in 
the  air.  When  heated,  it  decrepitates,  unless  it  has  been  lcept  long  drying, 
with  expulsion  of  a little  water  mechanically  confined  in  it.  At  a moderate 
red  heat,  it  fuses  unaltered  and  without  diminution  of  weight ; when  ex- 
posed to  a higher  temperature,  it  volatilizes  in  white  fumes  ; this  volatiliza- 
tion  proceeds  the  more  slowly,  the  more  effectually  the  access  of  air  is 
prevented.  (Experiment  No.  7.) 


COM  POSITION . 

K = 488-86  = 39-11  = 52-44 

CI  = 443-28  = 35-46  = 47‘56 

932-14  = 74-57  = 100-00 


d.  Bichloride  of  platinum  and  chloride  of  potassium  present  either  small 
reddish  yellow  octohedrons,  or  a lemon-colored  powder.  It  is  difficultly  so- 
luble in  cold,  but  more  readily  so  in  hot  water ; nearly  insoluble  in  absolute 
alcohol,  and  but  sparingly  soluble  in  spirits  of  wine,  one  part  requiring  for  its 
solution,  respectively,  12083  parts  of  absolute  alcohol — 3775  parts  of  spirits 
ofwine  of  76  per  cent. — 1053  parts  of  spirits  of  wine  of  55  per  cent.  (Expe- 
riment No.  8,  a .)  Presence  of  free  hydrochloric  acid  sensibly  increases  its 
solubility.  (Experiment  No.  8,  h.)  In  solution  of  potassa  it  dissolves 
completely  to  a yellow  fluid.  It  is  unalterable  in  the  air,  and  at  212°.  On 
exposure  to  an  intense  red  heat,  the  whole  of  the  chlorine  which  is  in  com- 
bination  with  the  platinum  escapes,  metallic  platinum  and  chloride  of  potas- 
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sium  being  left  behind ; but  even  after  long  continued  fusion,  there  remains 
still  a little  bichloride  of  platinum  and  chloride  of  potassium  resisting  de- 
composition.  Complete  decomposition  is  effected,  however,  by  heating  tbe 
double  salt  to  redness  in  a current  of  hydrogen  gas. 

According  to  Andrews,  the  bichloride  of  platinum  and  chloride  of  potas- 
sium, even  tliough  aried  at  a temperature  considerably  exceeding  212°, 
retains  still  0-0055  of  its  weiglit  of  water. 

COMPOSITION. 

K = 488*86  = 39*1  1 = 16-00 
Pt=  1236-75  = 98-94  = 40-48 
3 CI  = 1329*84  = 106-38  = 43-52 

3055-45  = 244-43  = 100-00 

K CI  = 932-14  = 74-57  = 30-51 
PtCl2=  2123-31  = 169-86  = 69'49 

3055-45  = 244-43  = 100  00 
§48. 

2.  SODA. 

Soda  is  usually  weighed  as  sulphate  of  soda,  nitrate  of  soda» 

CHLORIDE  OF  SODIUM,  Ol’  CARBONATE  OF  SODA. 

a.  The  anhydrous  neutral  sulphate  of  soda  is  a wliite  powder,  or  a 
white,  very  friable  mass.  It  dissolves  readily  in  water  ; it  is  sparingly 
soluble  in  absolute  alcohol,  but  somewhat  more  readily  in  dilute  alcohol 
(Experiment  No.  9).  The  presence  of  free  sulphuric  acid  increases  its 
solubility  in  absolute  alcohol.  It  does  not  affect  vegetable  colors  ; upon 
exposure  to  moist  air,  it  slowly  absorbs  water  (Experiment  No.  10).  The 
application  of  a gentle  heat  leaves  it  unaltered ; upon  exposure  to  an  in- 
tense  red  heat,  it  fuses,  without  decomposition,  or  diminution  of  weight. 
When  heated  to  redness,  mixed  witli  chloride  of  ammonium,  it  comports 
itself  the  same  as  sulphate  of  potassa  under  similar  circumstances. 

COMPOSITION. 

NaO  = 387-44  = 31  = 43-66 
S03  =500-00  = 40  = 56-34 

887-44  = 71  = 100-00 

Bisulphate  of  soda  (NaO,  S03  + II0,  SQ3),  is  uniformly  produced 
upon  the  evaporation  of  a solution  of  the  neutral  salt  mixed  witli  sul- 
phuric acid  in  excess  ; this  acid  salt  fuses  even  at  a gentle  heat ; it  may  be 
readily  converted  into  the  neutral  salt  in  the  same  manner  as  the  bisulphate 
of  potassa  is  reconverted  into  the  neutral  sulphate  (vide  § 47  a). 
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b.  Nitrate  of  soda  crystallizes  in  obtuse  rhomboids.  In  analysis  it  is 
mostly  obtained  as  an  amorphous  mass.  It  dissolves  readily  in  water, 
but  is  nearly  altogether  insolable  in  absolute  alcohol,  and  but  little  more 
soluble  in  spixits  of  wine.  It  does  not  affect  vegetable  colors,  and  is  un- 
alterable  in  a dry  atmosphere  ; but  when  exposed  to  very  moist  air,  it 
absorbs  water.  It  fuses  without  decomposition  at  a temperature  far 
below  red  heat ; at  a higher  temperature  it  undergoes  the  same  decom- 
position as  nitrate  of  potassa.  (Yide  § 47  b.)  (Comp.  Experiment  No.  1 1.) 
When  heated  to  redness,  in  conjunction  with  chloride  of  ammonium,  it 
comports  itself  the  same  as  the  corresponding  salt  of  potassa  under 
similar  circumstances. 

COMPOSITION. 

NaO  = 387-44  = 31  = 3Ö-47 
N05  = 675-06  = 54  = 63*53 

1062*50  = 85  = 100-00 

c.  Chloride  of  sodiurn  crystallizes  in  cubes,  octohedrons,  and  hollow 
four-sided  pyramids.  In  the  analytical  process  it  is  frequently  obtained  as  an 
amorphous  mass.  It  dissolves  readily  in  water  ; it  is  but  slightly  soluble 
in  absolute  alcohol,  and  but  sparingly  so  in  spirits  of  wine.  It  is  neutral 
to  vegetable  colors.  Exposed  to  a somewhat  moist  atmosphere,  it  slowly 
absorbs  water.  (Experiment  No.  12.)  Crystals  of  this  salt  that  have  not 
been  kept  drying  a considerable  time,  decrepitate  when  heated,  yieldiug  a 
little  water,  which  they  hold  mechanically  confined.  At  a red  heat,  it 
fuses  without  decomposition  ; at  a white  heat,  and  in  open  vessels,  even  at 
a bright  red  heat,  it  volatilizes  in  white  fumes.  (Experiment  No.  13.) 

COMPOSITION. 

Na  = 287-44  = 23*00  = 39’34 
CI  = 443-28  = 35-46  = 60-66 

730-72  = 58-46  = 100-00 


d.  Anhydrous  carbonate  of  soda  is  a white  powder,  or  a white,  very 
friable  mass.  It  dissolves  readily  in  water,  but  is  insoluble  in  alcohol. 
Its  reaction  is  strongly  alkaline.  Exposed  to  the  air,  it  absorbs  water 
very  slowly.  At  a strong  red  heat,  it  fuses  without  decomposition,  and 
without  volatilizing. 


COMPOSITION. 

NaO  = 387-44  = 31  = 58-49 
C02  = 275-00  = 22=  41-51 


662-44  = 53  = 100-00 
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§ 49. 

3.  AMMONIA  (NH40). 

Ammonia  is  most  advantageously  weighed  as  Chloride  of  Ammonium, 
or  as  BICHLORIDE  OF  PLATINUM  AND  CHLORIDE  OF  AMMONIUM. 

Under  certain  circumstances,  ammonia  mav  likewise  be  estimated  from 
tlie  volume  of  tlie  nitrogen  eliminated  from  it. 

a.  Chloride  of  ammonium  crystallizes  in  cubes  and  octohedrons,  but 
more  frequently  in  featliery  crystals.  In  analysis  we  obtain  it  uniformly 
as  a white  mass.  It  dissolves  readily  in  water,  but  is  difficultly  soluble  in 
spirits  of  wine.  It  does  not  alter  vegetable  colors,  and  is  persistent  in  the 
air.  Solution  of  chloride  of  ammonium  when  evaporated  in  the  water-bath, 
loses  a small  quantity  of  ammonia,  and  becomes  slightly  acid.  The  dimi- 
nution  of  weight  occasioned  by  tliis  loss  of  ammonia  is  very  triffing.  (Ex- 
periment No.  14.)  At  212°  chloride  of  ammonium  loses  nothing,  or  next 
to  nothing,  of  its  weight.  (Experiment  No.  14.)  At  a higher  tempera- 
ture  it  volatilizes  readily,  and  witliout  undergoing  decomposition. 

COM  POSITION. 

NH4  = 225-06  = 18-00  = 33-67 
CI  = 443-28  = 35-46  = 66-33 

668-34  = 53-46  = 100-00 

NH3  = 212-56  = 17'00  = 31-80 
CHI  = 455-78  = 36-46  = 68-20 

668-34  = 53-46  = 100-00 

b.  Bichloride  of  platinum  and  chloride  of  ammonium  occurs  either  as  a 
heavy  lemon-colored  powder,  or  in  small,  hard,  octohedral  crystals  of  a briglit 
yellow  color.  It  is  difficultly  soluble  in  cold,  but  more  readily  in  hot  water. 
It  is  very  sparingly  soluble  in  absolute  alcohol,  but  more  readily  in  spirits  of 
wine,  one  part  requiring— of  absolute  alcohol,  26535  parts  ; of  spirits  of 
wine  of  76  per  cent.,  1406  parts  ; of  spirits  of  wine  of  55  per  cent.,  665 
parts.  The  presence  of  free  acid  sensibly  increases  its  solubility.  (Expe- 
riment No.  15.)  It  remains  unaltered  in  the  air,  and  at  212°.  Upon 
exposure  to  a red-heat,  chlorine  and  chloride  of  ammonium  escape,  leaving 
the  metallic  platinum  behind  as  a porous  mass  (spongy  platinum) . 

COM  POSITION. 

NH4  = 225  06  = 18-00  = 8-06 

Pt  = 1236-75  = 98-94  = 44-30 
3 CI  = 1329-84  = 106-38  = 47*64 


2791-65  = 223-32  = 100-00 
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NII4C1  = 668-34  = 

53-46  = 

23-94 

PtCl3  = 2123-31  = 

169-86  = 

76-06 

2791-65  = 

223-32  = 

100-00 

NII 3 = 212-56  = 

17-00  = 

7-61 

HCl  = 455-78  = 

36-46  = 

16-33 

PtCla  = 2123-31  = 

169-86  = 

76-06 

2791-65  = 

223-32  = 

100-00 

N = 175-06  = 

14-00  = 

6-27 

II4=  50-00  = 

4-00  = 

1-79 

Pt  = 1236-75  = 

98-94  = 

44-30 

Cl3  = 1329-84  = 

106-38  = 

4764 

2791-65  = 

223-32  = 

100-00 

c.  Nitrogen  gas  is  colorless,  tasteless,  and  inodorous  ; it  mixes  with  air, 
without  producing  the  slightest  coloration ; it  does  not  affect  vegetable 
colors.  The  specific  gravity  is  09706  (air  = 1).  One  litre  (one  cubic 
decimeter),  weights  at  32°,  and  29’ 8 of  the  barometer,  1.2609  gramme. 
It  is  difficultly  soluble  in  water,  one  volume  of  gas  requiring  24  volumes 
of  water  at  a temperature  of  64°-4. 


BASES  OF  THE  SECOND  GROUP. 

§ 50. 

1.  BARYTA. 

Baryta  is  generally  weighed  as  sulphate  of  baryta,  carbonate 

OF  BARYTA,  and  SILICO-FLUORIDE  OF  BARIUM. 

a.  Artificially  prepared  sulphate  of  baryta  presents  the  appearance  of 
a fine  white  powder.  It  is  ahnost  absolutely  insoluble,  both  in  cold  and 
hot  water  ; the  presence  of  free  acid  hardly  increases  its  solubility.  Nitro- 
hydrochloric  acid  dissolves  a perceptible  amount  of  it.  It  remaius  quite  unal- 
tered in  the  air  at  212°,  and  even  at  a red  lieat.  When  heated  to  redness, 
mixed  with  charcoal,  in  a covered  crucible,  it  is  reduced  to  sulphide  of 
barium ; free  access  of  air  prevents  this  reduction  taking  place.  Upon 
exposure  to  a red  heat,  mixed  with  chloride  of  ammonium,  sulphate  of 
baryta  undergoes  partial  decomposition. 

COMPOSITION. 

BaO  = 957-32  = 76-59  = 65-69 
S03  = 500-00  = 40-00  = 34-31 


1457-32  = 116-59  = 100-00 
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b.  Artificially  prepared  carbonate  of  baryta  presents  the  appearance  of 
a white  powder.  It  dissolves  in  14137  parts  of  cold,  and  in  15421  parts 
of  boiling  water.  (Experiment  No.  16.)  It  dissolves  far  more  readily  in 
solution  of  chloride  of  ammonium,  or  of  nitrate  of  ammonia ; from  these 
Solutions  it  is,  however,  precipitated  again,  though  not  completely,  by 
caustic  ammonia.  In  water  containing  free  carbonic  acid,  carbonate  of 
baryta  dissolves,  being  converted  into  bicarbonate.  In  water  impregnated 
with  ammonia  and  carbonate  of  ammonia,  it  is  nearly  insoluble,  one  part 
requiring  141000  parts.  (Experiment  No.  17.) 

Solution  of  carbonate  of  baryta  has  a feebly  alkaline  reaction.  Car- 
bonate of  baryta  is  unalterable  in  the  air,  and  at  a red-lieat.  Upon 
heating  it  to  redness,  in  conjunction  with  charcoal,  caustic  baryta  is 
formed,  with  evolution  of  carbonic  oxide  gas. 

COMPOSITION. 

BaO  = 957-32  = 76-59  = 77-69 
C02  = 275-00  = 22-00  = 22-31 

1232-32  = 98-59  = 100-00 

c.  Silico-fluoride  of  barium  forms  small,  hard,  and  colorless  crystals,  or  a 
fine  crystalline  powder.  It  dissolves  in  3800  parts  of  cold  water  ; in 
hot  water  it  is  more  readily  soluble.  (Experiment  No.  18.)  The  presence 
of  free  hydrochloric  acid  increases  its  solubility  considerably.  (Experi- 
ment No.  19.)  In  spirits  of  wine,  it  is  almost  insoluble.  It  is  unalter- 
able in  the  air,  and  at  212°;  when  heated  to  redness,  it  is  decomposed 
into  bifluoride  of  Silicon,  which  escapes,  and  fluoride  of  barium,  which  re- 
mains  behind. 


COMPOSITION. 

Ba  Fl  = 1094-82  = 87-59  = 62-39  Ba  = 857*32  = 68*59  = 48-85 

Si  Fl2  = 660-18  = 52-81  = 37-61  Si  = 185-18  = 14-81=  10-55 

Fl3=  712-50  = 57-00  = 40-60 

1755-00  = 140-40  = 100-00  1755-00  = 140-40  = 100-00 

§ 51. 

2.  STRONTIA. 

Strontia  is  weighed  either  as  sulphate  of  strontia,  or  as  carbon- 
ate OF  STRONTIA. 

a.  Sulphate  of  strontia,  artificially  prepared,  is  a white  powder. 

It  dissolves  in  6895  parts  of  cold,  and  9638  parts  of  boiling  water 

(Experiment  No.  20.)  In  water  containing  sulphuric  acid,  it  is  still 
more  difficultly  soluble,  requiring  from  11000  to  12000  parts  of  it.  (Ex- 
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periment  No.  21.)  It  dissolves  in  solution  of  chloride  of  sodium,  but 
is  precipitated  again  from  this  solution  by  sulphuric  acid.  It  is  nearly 
insoluble  both  in  alcohol  and  in  spirits  of  wine.  It  does  not  alter  vegetable 
colors  ; and  is  unalterable  in  tbe  air,  and  at  a red  lieat.  When  exposed 
to  a most  intense  red  heat,  it  fuses  without  undergoing  decomposition. 
When  mixed  with  charcoal,  and  heated  to  redness,  in  a close-covered 
crucible,  it  is  reduced  to  sulphide  of  Strontium. 

COM  POSITION. 

SrO  = 645-93  = 51-67  = 56-37 
S03  = 500-00  = 40-00  = 43-63 

1145-93  = 91*67  = 100-00 

b.  Carbonate  of  strontia,  artificially  prepared,  is  a white,  light, 
loose  powder.  It  dissolves  at  the  common  temperature  in  18045  parts  of 
water.  (Experiment  No.  22.)  Presence  of  ammonia  diminishes  its  solu- 
bility.  (Experiment  No.  23.)  It  dissolves  pretty  readily  in  Solutions  of 
chloride  of  ammonium  and  of  nitrate  of  ammonia,  but  is  precipitated  again 
from  these  Solutions  by  ammonia,  and  more  completely  tlian  carbonate  of 
baryta  is  under  similar  circumstances.  Water  impregnated  with  carbonic 
acid  dissolves  it  as  a bicarbonate.  Its  reaction  is  very  feebly  alkaline. 
It  remains  unaltered  in  the  air,  and  even  at  a red  heat,  but  when  exposed 
to  an  intense  red  heat,  it  fuses  and  gradually  loses  its  carbonic  acid. 
Upon  heating  it  to  intense  redness,  in  conjunction  with  charcoal,  caustic 
strontia  is  formed,  with  evolution  of  carbonic  oxide. 

COM  POSITION. 

SrO  = 645-93  = 51-67  = 70-14 
C02  = 275-00  = 22-00  = 29'86 

920-93  = 73-67  = 100-00 
§ 52. 

3.  LIME. 

Lime  is  weighed  either  as  sulphate  of  lime,  or  as  carbonate  of 
lime  ; to  convert  it  into  the  latter  form,  it  is  first  precipitated  as  oxalate 
of  lime. 

a.  Artificially  prepared  anhydrous  sulphate  of  lime  is  a loose,  white 
powder.  It  dissolves  at  the  common  temperature  in  430  parts,  at  212°, 
in  460  parts  of  water  ( Poggiale ).  Presence  of  chloride  of  ammonium,  sul- 
phate of  soda,  and  chloride  of  sodium,  increase  its  solubility.  The  aqueous 
solution  of  sulphate  of  lime  does  not  alter  vegetable  colors.  In  alcohol  and 
in  spirits  of  wine  it  is  almost  insoluble.  Exposed  to  the  air,  it  slowly  ab- 
sorbs  water.  It  remains  unaltered  at  a dull  red  heat.  Heated  to  bright 
redness,  it  fuses  without  undergoing  decomposition.  When  mixed  with 
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charcoal,  and  lieated  to  redness,  in  a covered  crucible,  it  is  reduced  to  sul- 
phide  of  calcium. 

COM  POSITION. 

CaO  = 350  = 28  = 41  -18 
S03  = 500  = 40  = 58-82 

850  = G8  = 100-00 

b.  Artificially  prepared  carbonate  of  Urne  is  a fine  white  powder.  It 
dissolves  in  10601  parts  of  cold  (Experiment  No.  24),  and  in  8834  parts 
of  boiling  water  (Experiment  No.  25).  The  aqueous  solution  has  a barely 
perceptible  alkaline  reaction.  In  water,  containing  ammonia  and  carbonate 
of  ammonia,  it  dissolves  still  more  sparingly,  one  part  of  the  salt  requiring 
65000  parts  of  the  solvent  (Experiment  No.  26) ; this  solution  is  not 
precipitated  hy  oxalate  of  ammonia.  It  dissolves  more  readily  in  Solutions 
of  Chloride  of  ammonium,  and  of  nitrate  of  ammonia,  but  is  precipitated 
again  from  tliese  Solutions  by  ammonia,  and  more  completely  than  car- 
bonate of  baryta  is  under  similar  circumstances.  Neutral  salts  of  potassa 
and  of  soda  likewise  increase  its  solubility.  Water  impregnated  with  car- 
bonic  acid  dissolves  carbonate  of  lime  as  a bicarbonate.  Carbonate  of 
lime  remains  unaltered  in  the  air,  at  212°,  and  even  at  a red  lieat ; but 
upon  the  application  of  an  intense  red  lieat,  more  particularly  with  free 
access  of  air,  it  gradually  loses  its  carbonic  acid.  Attempts  at  reducing 
the  carbonate  completely  to  caustic  lime,  in  a platinum  crucible,  over  a 
spirit-lamp  with  double  draught  have,  however,  failed  (Experiment  No.  27). 
It  is  decomposed  far  more  readily  when  mixed  with  charcoal  and  heated 
to  redness,  giving  off  its  carbonic  acid,  in  the  form  of  carbonic  oxide  gas). 

COMPOSITION. 

CaO  = 350-00  = 28  = 56-00 
C02  = 275-00  = 22  = 44-00 

625  00  = 50  = 100-00 

c.  Oxalate  of  lime  is  a fine  white  powder,  almost  absolutely  insoluble 
in  water.  Presence  of  free  oxalic  acid  and  acetic  acid  slightly  increases  its 
solubility  ; but  ammoniacal  salts  exercise  no  influence  in  this  respect.  The 
stronger  acids  (hydrocliloric  acid,  nitric  acid)  dissolve  oxalate  of  lime 
readily  ; from  these  Solutions  it  is  precipitated  again  unaltered,  by  alkalies  ; 
and  also  by  alkaline  oxalates  or  alkaline  acetates  added  in  excess  (pro- 
vided  always,  the  excess  of  acid  he  not  too  great).  It  is  unalterable  in 
the  air,  and  at  212°.  Dried  at  the  latter  temperature,  it  has  the  follow- 
ing  composition  (Experiment  No.  28). 

CaO  = 350-00  = 28  = 38-36 
C203  = 450-00  = 36  = 49-32 
1 aq.  = 112-50=  9=  12-32 


912-50  = 73  = 100-00 
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At  a temperature  of  from  356°  to  392°,  oxalate  of  lime  loses  its  water 
without  undergoing  decomposition ; at  a somewhat  higher  temperature, 
still  scarcely  reaching  incipient  dull  redness,  it  is  decomposed,  without 
actual  Separation  of  carbon,  into  carbouic  oxide,  wliich  escapes,  and  car- 
bonate  of  lime,  which  remains  behind.  The  powder,  wliich  was  previously 
of  snowy  whiteness,  transiently  assumes  a gray  color  in  tlie  course  of  tliis 
process,  even  though  the  oxalate  be  of  th'e  most  perfect  purity.  Upon 
the  continued  application  of  heat  tliis  gray  color  disappears  again.  If  the 
oxalate  of  lime  is  lieated  in  small  coherent  fragments,  such  as  are  obtained 
upon  drying  the  precipitated  salt  upon  a filter,  the  commencement  and 
progress  of  the  decomposition  can  be  readily  marked  by  this  transient  ap- 
pearance  of  gray.  If  the  process  of  heating  be  conducted  properly,  the 
rcsidue  will  not  contain  a trace  of  caustic  lime. 

§ 53. 

4.  MAGNESIA. 

Magnesia  is  weighed  as  sulphate  of  Magnesia,  pyrophospiiate  of 
Magnesia,  or  pure  Magnesia.  To  convert  it  into  the  pyrophospiiate 
it  is  precipitated  as  basic  Phosphate  of  ammonia  and  Magnesia. 

a.  Anhydrous  sulphate  of  magnesia  presents  the  appearance  of  a white 
opaque  mass.  It  dissolves  readily  in  water.  It  is  nearly  altogether  inso- 
luble  in  absolute  alcohol,  and  but  very  sparingly  soluble  in  spirits  of 
wine.  It  does  not  alter  vegetable  colors.  Exposed  to  the  air,  it  absorbs 
water  rapidly.  At  a moderate  red  heat,  it  remains  unaltered  ; but  wlien 
lieated  to  intense  redness,  it  undergoes  partial  decomposition,  losing  part 
of  its  acid  and  is  no  longer  perfectly  soluble  in  water  (Experiment  No.  29). 
Ignited  with  cliloride  of  ammonium,  sulphate  of  magnesia  is  not  de- 
composed. 

COM  POSITION. 

MgO  = 250  19  = 20  = 33-33 
S03  = 500-00  = 40  = 66-67 

750-19  = GO  = 100-00 

h.  Basic phosphate  of  magnesia  and  ammonia  is  a white  crystalline  pow- 
der. It  dissolves  at  the  common  temperature,  in  15293  parts  of  cold 
water  (Experiment  No.  30.)  In  water  containing  ammonia,  it  is  much 
more  difficultly  soluble — one  part  of  the  salt  rcquiring  45000  parts  of  the 
solvent  (Experiments  No.  31).  Chloride  of  ammonium  slightly  increases  its 
solubility  (Experiments  No.  33  and  34).  Presence  of  alkaline  phosphates 
exercises  no  influence  in  this  respect.  The  basic  phosphate  of  magnesia 
and  ammonia  dissolves  readily  in  acids,  even  iu  acetic  acid.  Its  compo- 
sition  is  expressed  by  the  formula 

2 MgO,  NH30,  P05  + 12  aq. 

h 2 
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10  of  these  12  equivalents  of  water  escape  at  212°,  tlie  remaining  two,  to- 
getlier  witli  the  ammonia,  at  a red  heat,  leaving  beliind  2MgO,  P05. 
The  transition  of  the  phosphoric  acid  into  pyrophosphorie  acid,  is  indicated 
hy  a vivid  incandescence  of  the  vvliole  mass. 

Ammonia  precipitates  phosphate  of  magnesia  and  ammonia  from  its  So- 
lution in  dilute  liydrocliloric,  or  dilute  nitric  acid,  to  the  extent  compatible 
witli  the  dcgree  of  soluhility  of  that  salt  in  water  impregnated  with  ammo- 
nia (or  witli  ammonia  and  its  salts).  Weier  (Pogg.  73,  p.  152)  having 
questioned  the  correctness  of  tliis  fact,  I was  induced  to  test  it  again  by 
experiment  (No.  32)  which,  however,  yielded  exactly  the  same  results  as 
the  former. 

c.  Pyrophosphate  of  magnesia  presents  the  appearance  of  a white  mass, 
often  sliglitly  inclining  to  gray.  It  is  barely  soluhle  in  water,  but  readily 
so  in  hydroehloric  acid,  and  in  nitric  acid.  It  remains  unaltered  in  the 
air,  and  even  at  a red  heat ; at  a very  intense  red  heat  it  fuses  unaltered. 
It  leaves  the  color  of  moist  turmeric  and  of  reddened  litmus  paper  mi- 
ch an  ged. 

If  we  dissolve  pyropliosphate  of  magnesia  in  hydroehloric  acid,  or  in 
nitric  acid,  add  water  to  the  solution,  boil  it  for  some  time,  and  then  pre- 
cipitate  with  ammonia  in  excess,  we  obtain  a precipitate  of  phosphate  of 
magnesia  and  ammonia  which,  after  ignition,  gives  less  weiglit  than 
corresponds  to  the  amount  of  substance  used.  Weber  gives  the  loss 
as  from  1*3  to  2'3  per  cent.  My  own  experiments  (No.  35)  confirm 
this  Statement  and  point  out  the  circumstances  under  which  the  loss  is  the 
least  considerable  (compare  also  § 106).  By  long  continued  fusion,  in 
conjunction  with  carbonate  of  potassaand  soda,  pyropliosphate  of  magnesia 
is  completely  decomposed,  the  phosphoric  acid  heilig  reconverted  into  the 
tribasic  state.  If,  therefore,  we  treat  the  fused  mass  with  hydroehloric 
acid,  and  add  water  and  ammonia,  and  heat  the  precipitate  to  redness, 
we  re-obtain  the  wliole  quantity  of  the  salt  used. 


COM  POSITION. 

2 MgO  = 500-38  = 40-00  = 35*94 
P05  = 892-04  = 71-36  = 64-06 

1392-42  = 111-36  = 100-00 

d.  Pure  magnesia  is  a white,  light,  loose  powder.  Itdissolves  in  55368 
parts  of  cold,  and  in  the  same  proportion  of  boiling  water.  (Experiment 
No.  36.)  Its  aqueous  solution  lias  a very  sliglitly  alkaline  reaction.  Mag- 
nesia dissolves  in  hydroehloric  acid,  and  in  other  acids,  without  evolution 
of  gas.  Exposed  to  the  air,  it  slowly  ahsorhs  carbonic  acid  and  water. 
Magnesia  is  liighly  infusible,  remaining  unaltered  at  a strong  red  heat,  and 
fusing  superficially  only  at  the  very  highest  temperature. 


ALUMINA. 
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COM  POSITION. 


Mg  = 150-19  = 12=  60-03 
0 = 100-00  = 8 = 39*97 

250*19  = 20  = 100-00 


BASES  OF  THE  THIRD  GROUP. 

§ 54. 

1.  ALUMINA. 

Alumina  is  usually  precipitated  as  hydrate  of  alumina,  and  uni- 
formly  weighed  in  the  pure  state. 

a.  Hydrate  of  alumina,  recently  precipitated,  is  a gelatinous  mass 
which  invariably  retains  a minute  proportion  of  tlie  acid  witli  which  the 
alumina  was  combined  previously  to  its  precipitation,  as  well  as  of  the 
alkali  which  lias  served  as  the  precipitant ; it  is  freed  with  difficulty  from 
these  admixtures  by  repeated  washing. 

Hydrate  of  alumina  is  insoluble  in  pure  water  ; but  readily  soluble  in 
Solutions  of  soda  and  potassa,  and  in  acids  ; it  is  sparingly  soluble  in  caus- 
tic  ammonia,  and  altogether  insoluble  in  carbonate  of  ammonia  ; presence 
of  ammoniacal  salts  renders  it  almost  insoluble  also  in  caustic  ammonia. 
(Experiment  No.  37.)  The  correctness  of  tliis  Statement  of  mine  in  the 
first  edition  of  the  present  work,  has  been  amply  confirmed  since  by  Mala- 
guti  and  Durocher  (Ann.  de  China,  et  de  Plays.,  3,  Ser.  17,  421  ;)  and  also 
by  experinaents  naade  by  nay  assistant,  Mr.  J.  Fuchs.  The  former  chemists 
(Malaguti  and  Durocher)  state  that  when  a solution  of  alumina  is  precipi- 
tated with  sulphide  of  ammonium,  the  fluid  may  be  filtered  off  live  nainutes 
after  without  a trace  of  alumina  in  it.  Fuchs  did  aaot  find  tlais  to  be  the 
case.  (Experiment  No.  38.) 

Hydrate  of  alumina  shrinks  considerably  upon  desiccation,  and  when 
dry,  becomes  a hard,  transparent,  yellowish,  or  a white  earthy  mass. 
When  heated  to  redness  it  loses  its  water,  and  tlais  loss  of  water  is  fre- 
quently  attended  with  slight  decrepitation,  and  invaribly  with  considerable 
diminution  of  bulk. 

b.  Alumina,  prepared  by  heating  the  hydrate  to  a moderate  clegree  of 
redness,  is  a loose  and  soft  mass  ; but  upon  the  application  of  a very  in- 
tense  degree  of  redness,  it  concretes  into  small  hard  lumps.  At  the  most 
intense  degree  of  white  heat,  it  fuses  to  a colorless  glass.  Ignited  alumina 
is  dissolved  by  acids  with  very  great  difficulty.  Placed  upon  moist  reddened 
litmus  paper  it  does  not  turn  the  color  of  that  paper  blue.  Upon 
igniting  alumina,  with  chloride  of  ammonium,  chloride  of  aluminium 
escapes. 
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COMPOSITION. 

2 Al  = 340*84  = 27*26  = 53*19 

3 0 = 300*00  = 24*00  = 46*81 

640*84  =*51*26  = 100*00 
§ 55. 

2.  SESQUIOXIDE  OF  CHROMIUM. 

Sesquioxide  of  chromium  is  usually  precipitated  as  hydrated  sesqui- 
oxide  of  chromium,  and  uniformly  weighed  in  the  pure  state. 

a.  Hydrated  sesquioxide  of  chromium,  recently  precipitated,  is  a greenish- 
gray  gelatinous  mass,  insoluble  in  water ; it  dissolves  readily  at  a low  tem- 
perature,  in  Solutions  of  potassa,  or  of  soda,  imparting  a dark  green  tint  to 
the  fluid ; it  dissolves  also,  at  a low  temperature,  but  rather  sparingly,  in 
solution  of  ammonia,  imparting  to  the  fluid  a bright  red  tint.  In  acids 
it  dissolves  readily,  imparting  a dark  green  tint  to  the  fluid.  Presence  of 
chloride  of  ammonium  exercises  no  influence  upon  tliegreaterorlesssolubility 
of  hydrated  sesquioxide  of  chromium  in  ammonia.  Boiling  effects  the  Sepa- 
ration of  the  sesquioxide  from  its  Solutions  in  potassa,  soda,  or  ammonia. 
(Experiment  No.  39.)  Dried  hydrated  sesquioxide  of  chromium  is  a green- 
ish  blue  powder  ; it  loses  its  water  of  hydration  at  a gentle  red  heat. 

b.  Sesquioxide  of  chromium , produced  by  heating  the  hydrate  to  dull 
redness,  is  a dark  green  powder  ; upon  the  application  of  a higher  degree  of 
heat,  it  assumes  a ligliter  tint,  but  suffers  no  diminution  of  weight ; the 
transition  from  the  darker  to  the  lighter  tint  is  marked  by  a vivid  incan- 
descence  of  the  powder.  The  feebly  ignited  sesquioxide  is  difficultly  soluble 
in  hydrochloric  acid,  and  the  strongly  ignited  sesquioxide  is  altogether  in- 
soluble in  tliat  acid.  Mixed  with  chloride  of  ammonium,  and  exposed  to 
a red  heat,  sesquioxide  of  chromium  remaius  unaltered. 

COMPOSITION. 

2 Cr  = 669*40  = 53*56  = 69*05 

3 0 = 300*00  = 24*00  = 30*95 

969*40  = 77*56  = 100*00 

BASES  OF  THE  FOURTH  GROUP. 

§ 56. 

1.  OXIDE  OF  ZINC. 

The  oxide  of  zinc  is  uniformly  weighed  in  that  form  ; but  it  is  usually 
precipitated  as  basic  carbonate  of  zinc,  or  as  sulphide  of  zinc. 

a.  Basic  carbonate  of  zinc , recently  precipitated,  is  a white,  flocculent 


§ 56.] 


OXIDE  OF  ZINC. 


103 


mass,  nearly  insoluble  in  water — (one  part  requiring  44600  parts,  Experi- 
ment No.  40) — but  readily  soluble  in  Solutions  of  potassa,  ammonia, 
carbonate  of  ammonia,  and  in  acids.  When  a neutral  solution  of  zinc  is 
precipitated  with  carbonate  of  potassa  (or  carbonate  of  soda),  carbonic  acid 
is  evolved,  under  all  circumstances,  since  the  precipitate  formed  is  not  Zn 
O,  C02,  but  consists  of  a mixture  of  2 (ZnO,  C02)  -f  3 (ZnO,  HO) 
witli  carbonate  of  zinc  and  potassa.  (Potassio-carbonate  of  zinc.)  Owing 
to  the  presence  of  tliis  carbonic  acid,  as  well  as  to  the  circumstance  that 
the  carbonate  of  zinc  and  potassa  is  not  insoluble  in  water,  part  of  the  oxide 
of  zinc  remains  in  solution ; the  cold  filtered  fluid  yields,  therefore,  a 
precipitate  when  acted  upon  by  sulpliide  of  ammonium. 

If,  however,  the  solution  of  zinc  be  heated  to  boiling,  previously  to  the 
addition  of  the  carbonate  of  potassa,  and  then  kept  boiling  for  some  time 
after  (which  will  prevent  the  formation  of  carbonate  of  zinc  and  potassa, 
and  will,  morcover,  cause  the  expulsion  of  every  trace  of  free  carbonic  acid 
from  the  fluid),  the  precipitation  of  the  zinc  will  be  complete,  in  so  far 
that  the  filtrate  will  not  be  rendered  turbid  by  the  addition  of  sulpliide  of 
ammonium ; still,  if  the  filtrate,  mixed  with  sulpliide  of  ammonium, 
be  allowed  to  stand  at  rest  for  many  hours,  minute  and  almost  impon- 
derable  flakes  of  sulpliide  of  zinc  will  separate  from  the  fluid.  The 
precipitate  of  carbonate  of  zinc,  obtained  in  the  manner  just  now  described, 
may  be  completely  freed  from  all  admixture  of  potassa  by  washing  with  hot 
water.  If  ammoniacal  salts  be  present,  every  trace  of  ammonia  must  be 
expelled  first,  before  the  complete  * precipitation  of  the  zinc  can  be 
achieved.  If  the  solution  of  a zinc  salt  is  mixed  with  carbonate  of  potassa 
in  excess,  and  the  mixture  is  evaporated  to  dryness,  at  a gentle  heat,  and 
the  residue  treated  with  cold  water,  a perceptible  proportion  of  the  zinc  is 
obtained  in  solution  as  carbonate  of  zinc  and  potassa  ; but  if  the  mixture 
is  evaporated  to  dryness,  at  boiling  heat,  and  the  residue  is  treated 
with  hot  water,  the  whole  of  the  zinc,  with  the  exception  of  an  extremely 
minute  proportion,  as  we  have  already  had  occasion  to  observe,  is  obtained 
as  carbonate  of  zinc. 

The  dried  basic  carbonate  of  zinc  is  a pure  white,  loose  powder ; 
exposure  to  a red  heat  converts  it  into  oxide  of  zinc. 

b.  Oxide  of  zinc,  produced  from  the  carbonate  by  the  application  of  a 
red  heat,  is  a white  light  powder,  with  a slightly  yellow  tint  in  it. 
When  heated,  it  acquires  a yellow  color,  which  disappears  again 
on  cooling.  Upon  exposing  oxide  of  zinc,  mixed  with  charcoal,  to  a 
red  heat,  carbonic  oxide  gas  and  zinc  fumes  escape.  Oxide  ot  zinc  is 
insoluble  in  water.  Placed  on  moist  turmeric  papcr,  it  does  not  change 

* That  is,  complete  within  the  limits  indicated  just  now,  so  that  sulpliide  of  ammonium 
occasions  no  turbidity  in  the  filtrate,  although  it  may  produce  subsequently  and  after 
long  standing  some  slight  and  almost  imponderable  flakes  of  sulpliide  of  zinc. 
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tlie  color  of  that  paper  to  brown.  In  acids,  oxide  of  zinc  dissolves 
readily,  and  witliout  evolution  of  gas.  Ileated  to  redness,  in  conjunction 
with  chloride  of  ammonium,  it  is  decomposed,  and  fused  chloride  of  zinc 
obtained,  which  volatilizes  with  very  great  difficulty,  if  the  air  is  ex- 
cluded ; but  readily  and  completely,  if  free  access  is  given  to  the  air. 

COM  POSITION. 

Zn  = 400-59  = 32-53  = 80-26 
O = 100-00=  8-00=  19*74 

506-59  = 40-53  = 100-00 

c.  Sulphide  of  sine,  recently  precipitated,  is  a white  loose  mass 
(ZnS,  HO),  insoluble  in  water,  in  caustic  alkalies,  carbonated  alkalies, 
and  alkaline  sulphides.  It  dissolves  readily  and  completely  in  liydro- 
chloric  acid  and  in  nitric  acid,  but  very  sparingly  only  in  acetic  acid. 
When  dried,  the  precipitated  sulphide  of  zinc  is  a white  powder ; at 
212°  it  loses  half,  and  at  a red  lieat  the  wliole  of  its  water.  Düring 
the  latter  process  some  sulphuretted  hydrogen  escapes,  and  the  remain- 
ing  sulphide  of  zinc  contains  an  admixture  of  oxide  of  zinc. 

§ 57. 

2.  PROTOXIDE  OF  MANGANESE. 

Manganese  is  weighed  either  as  protosesquioxide  of  manganese  (red 
oxide  of  manganese)  [MnO  + Mn203)  = Mn304],  or  as  sulphate  of 
protoxide  of  manganese.  For  the  purpose  of  converting  it  into  the 
first  form,it  is  precipitated  as  carbonate  of  protoxide  of  manganese, 

HYDRATED  PROTOXIDE  OF  MANGANESE,  Ol’  SULPHIDE  OF  MANGANESE. 

a.  Carbonate  of  protoxide  of  manganese,  recently  precipitated,  forms  a 
white,  flocculent  mass,  nearly  insoluble  in  pure  water,  but  somewhat  more 
soluble  in  water  impregnated  with  carbonic  acid.  Presence  of  carbonate  of 
soda  or  potassa  does  not  increase  its  solubility.  Recently  precipitated  car- 
bonate of  protoxide  of  manganese  dissolves  pretty  readily  in  solution  of  chlo- 
ride of  ammonium  ; it  is  owiug  to  this  property  that  a solution  of  protoxide 
of  manganese  cannot  be  completely  precipitated  by  carbonate  of  potassa  or 
soda,  in  presence  of  chloride  of  ammonium  (or  of  any  other  ammoniacal 
salt),  until  the  latter  is  completely  decomposed.  If  the  precipitate,  while 
still  moist,  is  exposed  to  the  air,  or  washed  with  water  impregnated  with  air, 
it  slowly  assumes  a dirty  brownish-white  color,  part  of  it  becoming  con- 
verted  into  hydrated  sesquioxide  of  manganese.  If  the  precipitate  is  dried, 
removed  from  the  contact  of  air,  it  forms  a delicate  white  powder,  persistent 
in  the  air  [2  (MnO,  C02)  + 1 aq.]  ; but  when  dried,  with  free  access  of 
air,  the  powder  is  of  a more  or  less  dirty  white,  or  brownish  color.  When 
lieated  to  redness,  with  access  of  air,  this  powder  first  turns  black,  and 
changes  subsequently  to  brown  protosesquioxide  of  manganese. 
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b.  Hydrated  protoxide  of  manganese,  recently  prepared,  forms  a white, 
flocculent  precipitate,  iusoluble  in  water  and  in  the  alkalies,  but  soluble  in 
chloride  of  ammonium  ; this  precipitate  immediatelyabsorbs  oxygen  from  the 
air,  and  turns  brown,  owing  to  the  formation  of  hydrated  sesquioxide  of 
manganese.  On  drying  itin  the  air,  a brown  powder  (hydrated  sesquioxide 
of  manganese)  is  obtained  ; when  heated  to  intense  redness,  with  free  access 
of  air,  this  hydrated  sesquioxide  is  converted  into  protosesquioxide  of 
manganese. 

c.  Sulphide  of  manganese,  prepared  in  the  humid  way,  forms  a flesh- 
colored  precipitate ; it  is  iusoluble  in  water  and  in  Solutions  of  the 
alkalies.  It  is  not  altogether  insoluble  in  the  colorless  hydrosulphate 
of  sulphide  of  ammonium,  but  absolutely  so  in  the  yellow  hydrosul- 
phate, which  contains  pentasulphide  of  ammonium.  Presence  of  chloride 
of  ammonium  does  not  increase  its  solubility.  In  dilute  acids  (hy- 
drochloric  acid,  sulphuric  acid,  &c.,)  it  dissolves  with  evolution  of  sul- 
phuretted  hydrogen.  When  the  precipitate,  while  still  moist,  is  exposed  to 
the  air,  is  washed  with  water  impregnated  with  air,  its  fleshy  tint 
changes  to  brown,  hydrated  sesquioxide  of  manganese  being  formed, 
together  with  a small  portion  of  sulphate  of  protoxide  of  manganese.  To 
guard  against  this,  some  yellow  sulphide  of  ammonium  must  be  added  to 
the  washing  water. 

d.  Protosesquioxide  of  manganese * (red  oxide  of  manganese),  artificially 
produced,  is  a reddish-brown  powder.  Whenever  it  is  exposed  to  the 
action  of  heat,  it  assumes  a black  tint,  but  its  weight  remains  unaltered. 
It  is  insoluble  in  water,  and  does  not  alter  vegetable  colors.  Heated 
to  redness,  in  conjunction  with  chloride  of  ammonium,  it  is  converted  into 
protochloride  of  manganese. 

COM  POSITION . 

3 Mn  = 1034-05  = 82*71  = 72-10 

4 0 = 400-00  = 32-00  = 27‘90 

1434-05  = 114-71  = 100-00 

e Anhydrous  sulphate  of  protoxide  of  manganese,  produced  by  exposing 
the  crystallized  salt  to  the  action  of  heat,  is  a white,  friable  mass,  readily 
soluble  in  water.  It  resists  the  protracted  application  of  a faint  red  heat ; 
but  upon  exposure  to  a more  intense  degree  of  red  heat  it  suffers  more  or  less 
complete  decomposition — oxygen,  sulphurous  acid,  and  anhydrous  sul- 
phuric acid  being  evolved,  and  red  oxide  of  manganese  remains  beliind. 

COMPOSITION. 

MnO  = 444-68  = 35*57  = 47‘  07 
S03  = 500-00  = 40-00  = 52-93 

944-68  = 75-57  = 100*00 

* All  the  oxides  of  manganese  finally  change  to  the  red  oxide,  upon  ignition  with  free 
aeccss  of  air. 
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§ 58. 

3.  PROTOXIDE  OF  NICKEL. 

Nickel  is  precipitated  as  hydrated  protoxide  of  nickel,  and  as 
sulphide  of  nickel.  It  is  uniformly  weighed  in  the  form  of  pro- 
toxide. 

a.  Hydrated  protoxide  of  nickel  forms  an  apple-green  precipitate, 
almost  absolutely  insoluble  in  water,  but  soluble  in  solution  of  ammonia 
and  of  carbonate  of  ammonia.  From  these  Solutions  it  is  completely 
precipitated  again  by  potassa  added  in  excess  ; application  of  heat  promotes 
tbe  precipitation.  It  is  unalterable  in  the  air ; exposure  to  a red  heat 
converts  it  into  protoxide  of  nickel. 

b.  Protoxide  of  nickel  is  a dirty  greyish-green  powder,  insoluble  in 
water,  but  readily  soluble  in  hydrochloric  acid.  It  does  not  affect  vegetable 
colors.  It  suffers  no  Variation  of  weight  upon  ignition  with  free  access 
ot  air.  Mixed  with  chloride  of  ammonium  and  exposed  to  a red  heat,  it 
is  reduced  to  metallic  nickel. 

COMPOS1TION. 

Ni  = 369-33  = 29-55  = 78-69 
0 = 100-00  = 8-00  = 21-31 

469-33  = 37-55  = 100-00 

c.  Hydrated  sulphide  of  nickel , prepared  in  the  humid  way,  forms  a 
black  precipitate  insoluble  in  water.  It  is  insoluble  in  an  excess  of 
sulphide  of  ammonium,  perfectly  saturated  with  sulphuretted  hydrogen  ; 
but  it  is  slightly  soluble  in  ammonia,  and  still  more  so  in  ammonia  not 
fully  saturated  with  sulphuretted  hydrogen.  When  these  Solutions,  which 
are  of  a more  or  less  brown  color,  are  exposed  to  the  air,  the  sulphide 
of  nickel,  contained  in  them,  precipitates  gradually.  ( Vide  Experiments 
sub.  No.  41).  If  sulphide  of  nickel,  in  a moist  state,  is  exposed  to  the 
air,  it  oxidises  slowly,  and  is  converted  into  sulphate  of  protoxide  of  nickel. 
It  is  very  sparingly  soluble  in  acetic  acid,  but  somewhat  more  so  in  hy- 
drochloric acid.  It  is  more  readily  soluble  still  in  nitric  acid,  and  most 
so  in  nitrohydrochloric  acid.  It  loses  its  water  upon  the  application  of  a 
red  heat ; when  ignited  in  the  air,  it  is  transformed  into  a basic  com- 
pound of  sesquioxide  of  nickel  with  sulphuric  acid. 

§ 59. 

4.  PROTOXIDE  OF  COBALT. 

Cobalt  is  weighed  in  the  pure  metallic  state  ; or  as  protosesqui- 

OXIDE  OF  COBALT,  Or  aS  SULPHATE  OF  PROTOXIDE  OF  COBALT.  Besides 
tlie  properties  of  these  substances,  we  have  to  study  here  also  those  of 

HYDRATED  PROTOXIDE  OF  COBALT,  and  of  SULPHIDE  OF  COBALT. 

a.  Hydrated  protoxide  of  cobalt. — Upon  pvecipating  a solution  of  pro- 
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toxide  of  cobalt  with  potassa,  a blue  precipitate  (a  basic  salt)  is  formed  at 
first,  wliich,  upon  boiling  with  potassa  in  excess,  removed  from  tbe  contact 
of  air,  clianges  to  pale  red  hydrated  protoxide  of  cobalt ; if,  on  the 
contrary,  this  process  is  conducted  with  free  access  of  air,  the  precipitate 
becomes  discolored,  part  of  the  hydrated  protoxide  being  converted 
into  hydrated  sesquioxide.  But  the  hydrated  protoxide  of  cobalt,  prepared 
iu  this  way,  retains  always  a certaiu  quantity  of  the  acid  : and,  even  after 
the  most  thorough  washing  with  hot  water,  still  a considerable  amount  of 
the  alkaline  precipitant.  ( Fremy , J.  pr.  Chem.  57,  öl.)  The  result  of 
my  own  experiments  fully  confirm  this  Statement  of  Fremy.  (Experi- 
ment No.  42).  The  metallic  cobalt,  therefore,  which  we  obtain  upon  the 
ignition  of  the  precipitate  in  hydrogen  gas,  manifests  a strongly  alkaline 
reaction  when  placed  on  moist  turmeric  paper.  This  unavoidable  alkaline 
admixture  renders  the  oxide,  or  metal  obtained  in  this  way,  unfit  for  the 
quantitative  estimation  of  cobalt. 

Hydrated  protoxide  of  cobalt  is  insoluble  in  water,  and  likewise  in 
potassa ; it  dissolves  in  solution  of  ammoniacal  salts  ; when  dried  iu  the 
air,  it  absorbs  oxygen,  and  assumes  a brownish  color. 

b.  When  pure  chloride  of  cobalt,  or  nitrate  of  protoxide  of  cobalt,  is 
heated  to  redness  iu  a current  of  hydrogen  gas,  pure  metallic  cobalt  is  ob- 
tained, in  the  form  of  a grayish  black  metallic  powder,  which  is  attracted  by 
the  magnet,  and  is  more  difficultly  fusible  than  gold.  If  the  reduction  has 
been  effected  at  a faint  heat,  the  finely  divided  metal  oxidises  in  the  air,  to 
protosesquioxide  of  cobalt,  which  is  not  the  case  if  the  reduction  has  been 
effected  at  an  intense  red  heat.  Cobalt  does  not  decompose  water,  neither 
at  the  common  temperature,  nor  upon  ebullition— except  sulphuric  acid 
be  present,  in  which  case  decomposition  will  ensue.  Heated  iu  conjunc- 
tion  with  hydrated  sulphuric  acid,  it  forms  sulphate  of  protoxide  of  cobalt, 
with  evolution  of  sulphurous  acid.  In  nitric  acid  it  dissolves  readily  to 
the  nitrate  of  protoxide  of  cobalt. 

c.  Upon  ignition  of  the  nitrate  of  protoxide  of  cobalt,  a black  residue  is  left 
of  constant  composition  ; this  residue  consists  of  protosesquioxide  of  cobalt, 
a compound  corresponding  to  the  protosesquioxide  of  iron,  and  which,  ac- 
cordingly,  has  the  formula  CoO  ~f  Co203,  or  Co304  ( llammelsberg , Fremy). 

This  oxide  is  insoluble  in  water  ; in  hot  hydrochloric  acid  it  dissolves  to 
protochloride  of  cobalt,  with  evolution  of  chlorine.  When  heated  to  red- 
ness, in  conjunction  with  chloride  of  ammonium,  it  suffers  reduction  to 
metallic  cobalt. 

COMPOSITION. 

Co3  = 1105-95  = 88*47  = 73-42  * 7\7J  ^ 

Os  = 400-00  = 32-00  = 26-58  32  3 £ 

j 1505-95  = 120-47  = 100-00  1 

(/.  Sulphide  of  cobalt,  produced  in  the  humid  way,  forms  a black  pre- 
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cipitate,  insoluble  in  water,  in  alkalies,  and  in  alkaline  sulphides.  It  is  but 
sparingly  soluble  in  acetic  acid  and  in  dilute  mineral  acids,  bnt  more  readily 
so  in  concentrated  mineral  acids,  and  most  readily  in  hot  nitrohydrochlo- 
ric  acid.  When  sulpliide  of  cobalt,  in  a moist  state,  is  exposed  to  tbe  air,  it 
slowly  absorbs  oxygen,  and  is  converted  into  sulphate  of  protoxide  of  cobalt. 

e.  Sulphate  of  protoxide  of  cohalt  crystallizes,  in  combination  with  7 aq., 
slowly  in  oblique  rhombic  prisms,  of  a fine  red  color.  The  crystals  yield 
tlie  whole  of  the  7 equivalents  of  water,  at  a moderate  heat,  and  are  converted 
into  a rose-colored  anhydrous  salt,  which  bears  tlie  application  of  a gentle 
red  heat  without  losing  acid.  It  dissolves  rather  difficultly  in  cold,  but 
more  readily  in  hot  water.  Ignition  in  a current  of  hydrogen  gas  fails 
to  effect  its  reduction. 


. COM  POSITION. 

38-0  CoO  = 468-65  = 37*49  = 48-39 

• Q 4TI.2S  S03  = 500-00  = 40-00  = 51-61 

Z^-O  / o O 0 a 968-65  = 77-49  = 100-00 

§ 60. 

5.  PROTOXIDE  OF  IRON  ; and  6,  SESQUIOXIDE  OF  IRON. 

Iron  is  uniformly  weighed  in  the  form  of  sesquioxide.  Besides  the 
sesquioxide,  we  have  to  study  the  hydrated  sesquioxide  of  iron, 

SULPHIDE  OF  IRON,  and  SUCCINATE  OF  SESQUIOXIDE  OF  IRON. 

a.  Hydrated  sescpiioxicle  of  iron,  recently  prepared,  is  a reddish-brown 
precipitate,  insoluble  in  water,  in  the  alkalies,  and  in  ammoniacal  salts,  but 
readily  soluble  in  acids  ; the  process  of  drying  reduces  the  bulk  of  this 
precipitate  amazingly.  When  dry,  it  presents  the  appearance  of  a brown 
hard  mass,  the  fracture  of  which  exliibits  a shining  appearance  similar  to 
shell.  In  the  precipitation  of  salts  of  sesquioxide  of  iron  by  the  alkalies,  a 
portion  of  the  precipitant  alkali  is  invariably  carried  down  in  combination 
with  the  sesquioxide  of  iron, — on  which  account  ammonia  alone  can  pro- 
perly  be  used  in  analysis,  as  a precipitant  for  salts  of  sesquioxide  of  iron. 

h.  The  hydrated  sesquioxide  of  iron  is,  upon  ignition,  converted  into  the 
anhydrous  sescpiioxide.  If  the  hydrated  sesquioxide  has  not  been  most 
carefully  and  thoroughly  dried,  and  the  small  solid  lumps,  though  outside 
dry,  retain  still  a portion  of  water  confined  within,  the  sudden  conversion  of 
that  water  into  steam,  upon  the  application  of  a red  heat,  will  cause 
particles  of  the  sesquioxide  to  fly  about,  and  may  tlius  lead  to  loss  of  sub- 
stance.  Pure  sesquioxide  of  iron,  when  placed  upon  moist  reddened 
litmus  paper,  does  not  color  the  latter  blue.  It  dissolves  slowly  in  dilute, 
but  more  rapidly  in  concentrated  hydrocliloric  acid  ; the  application  of  a 
moderate  degree  of  heat  promotes  this  solution  more  than  that  of  boiling 
heat. 
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Its  weight  does  not  vary,  upon  ignition  in  the  air ; when  ignited  togetlier 
witli  chloride  of  ammonium,  sesquichloride  of  iron  escapes.  Ignition  in  con- 
junction  with  charcoal,  shielded  from  the  access  of  air,  reduces  it  more  or  less. 

COM  POSITION. 

2 Fe  = 700-00  = -56  = 70-00 

3 0 = 300-00  = -24  = 30-00 

1000-00  = -80  = 100-00 

c.  Sulpkide  of  iron,  produced  in  the  humid  way,  forms  a hlack  preci- 
pitate,  slightly  soluble  in  aerated  water,  (with  decomposition),  insoluble  in 
water  containing  alkaline  sulphides,  but  readily  soluble  in  mineral  acids, 
both  concentrated  and  dilute.  When  precipitated  from  a highly  dilute 
solution,  it  remains  suspended  a long  time,  imparting  a blackish  green  tint 
to  the  fluid  ; it  subsides,  however,  completely,  after  the  lapse  of  some 
time.  When  moistened  and  exposed  to  the  air,  it  absorbs  oxygen,  and 
assumes  a brown  tint,  hydrated  sesquioxide  of  iron  and  sulphate  of  pro- 
toxide  of  iron  being  formed. 

d.  When  a neutral  solution  of  a salt  of  sesquioxide  of  iron  is  mixed  with  a 
neutral  solution  of  a succinate  of  ammonia,  a cinnamon-colored  precipitate 
of  a brighter  or  darker  hue  is  formed  ; this  is  succinate  of  sesquioxide  ofiron 
(Fe203,  S2).  It  results  from  the  nature  ofthis  precipitate,  that  its  forma- 
tion  must  set  free  an  equivalent  of  acid  (of  succinic  acid,  if  the  succinate 
of  ammonia  is  used  in  excess)  ; e.  g.,  Fe203,  3 S03  +3  NII40,  S = Fe2 
03,S2  + 3(NH40,  S03)  + S.  This  free  succinic  acid  does  not  exercise 
a clearly  perceptible  solvent  action  upon  the  precipitate,  in  a cold  and 
highly  dilute  solution,  but  it  redissolves  the  precipitate  more  copiously  in 
a hot  solution.  The  precipitate  must  therefore  be  filtered  cold,  if  we  want 
to  guard  against  its  re-solution.  Formerly  the  precipitate  was  erro- 
neously  supposed  to  consist  of  a neutral  salt,  decomposable  by  hot  water 
into  an  insoluble  basic  and  soluble  acid  compound.  Succinate  of  sesquioxide 
of  iron  is  insoluble  in  cold,  and  but  sparingly  soluble  in  hot  water.  It  dis- 
solves  readily  in  mineral  acids.  Ammonia  deprives  it  of  the  greater  portion 
of  its  acid,  leaving  Compounds  similar  to  the  hydrated  sesquioxide  of  iron, 
and  wliich  contain  from  nine  to  fifteen  equivalents  of  sesquioxide  of  iron  to 
one  equivalent  of  succinic  acid.  (Döpping.)  Ilot  ammonia  withdraws 
the  acid  more  completely  than  cold  ammonia. 

BASES  OF  THE  FIFTH  GROUP. 

§ 61. 

1.  OXIDE  OF  SILVER. 

Silver  may  be  weighed  in  the  metallic  state,  or  as  chloride  of 

SILVER,  SULPHIDE  OF  SILVER,  and  CYANIDE  OF  SILVER. 
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[§  61. 


a.  Metallic  silver,  obtained  by  the  ignition  of  salts  of  silver  with  orga- 
nic  acids,  &c.,  is  a ligbt,  white,  glittering  mass  of  metallic  lustre  ; but, 
wben  obtained  by  reducing  chloride  of  silver,  &c.,  in  the  humid  way,  by 
the  agency  of  zinc,  it  forms  a dull  gray  powder.  It  is  not  fusible  over  a 
Berzelius’  lamp.  Ignition  lcaves  its  weight  unaltered.  It  dissolves  readily 
and  completely  in  dilute  nitric  acid. 

b.  Chloride  of  silver , recently  precipitated,  forms  a white  curdy  mass, 
which,  upon  drying,  assumes  a pulverulent  character.  It  is  wholly  inso- 
luble  in  water  and  in  nitric  acid,  and  but  very  sparingly  soluble  in  concen- 
trated  hydrochloric  acid,  from  which  solution  it  is  almost  completely  thrown 
down  again  by  addition  of  water.  It  is  slightly  soluble  also  in  Solutions 
(more  particularly  concentrated  Solutions),  of  chloride  of  ammonium  (but  of 
no  other  ammoniacal  salt),  chloride  of  sodium,  and  chloride  of  potassium.  It 
dissolves  readily  in  caustic  ammonia.  Exposed  to  the  light,  it  acquires 
first  a violet,  finally  a black  tint,  owing  to  the  escape  of  chlorine.  This 
modification  of  the  chloride  of  silver  is,  however,  so  very  superficial  only, 
that  the  loss  of  chlorine  cannot  be  noted,  even  on  a very  delicate  balance. 
When  heated,  chloride  of  silver  acquires  a yellow  tint ; at  about  500°  it 
fuses  to  a transparent  yellow  liquid,  w^hich,  after  cooling,  presents  the  ap- 
pearance  of  a colorless  or  slightly  yellowisli  mass.  Exposed  to  a very 
intense  degree  of  red  heat,  chloride  of  silver  volatilizes  unaltered.  When 
fused  in  a current  of  chlorine  gas,  it  absorbs  a little  of  the  latter,  but 
yields  it  again  completely  upon  cooling.  Ignition  in  conjunction  with 
charcoal  fails  to  effect  its  reduction  to  the  metallic  state  ; but  it  may  be 
readily  reduced  to  metallic  silver,  by  igniting  it  in  a current  of  carbonic 
oxide  gas. 


COM  POSITION. 


Ag  = 1349*66  = 1 07*97  = 75-28 
CI  = 443-28  = 35-46  = 24*72 

1792-94  = 143-43  = 100-00 


c.  Sulphide  of  silver,  prepared  in  the  humid  way,  forms  a black  preci- 
pitate,  insoluble  in  water,  dilute  acids,  alkalies,  and  alkaline  sulphides. 
This  precipitate  is  unalterable  in  the  air,  and  may  be  dried  at  2 1 2°  without 
suffering  deeomposition.  It  dissolves  in  concentrated  nitric  acid,  with 
Separation  of  sulphur. 

COM  POSITION. 

Ag=  1349-66  = 107*97  = 87*07 
S = 200-00  = 16-00  = 12-93 


1549-66  = 123-97  = 100-00 


§ 62.] 


PROTOXIDE  OF  LEAD. 


1 1 l 


d.  Cyanide  of  silver,  recently  precipitated,  forms  a white  curdy  mass, 
insoluble  in  water  and  dilute  nitric  acid,  soluble  in  cyanide  of  potassium, 

' and  also  in  ammonia  ; exposure  to  the  light  fails  to  impart  the  slightest 
shade  of  black  to  it ; it  may  be  dried  at  212°,  witbout  suffering  decompo- 
sition.  Upon  ignition,  it  is  decomposed  into  cyanogen  gas,  which  escapes, 
and  metallic  silver,  wbicb  remains  bebind,  mixed  witb  a little  paracyauide 
of  silver. 

COM  POSITION. 

Ag  = 1349-66  = 107-97  = 80-60  ^ c 

C2N  = 325-06  = 26-00  = 19-40 

1674-72  = 133-97  = 100-00 
§ 62. 

2.  PROTOXIDE  OF  LEAD. 

Lead  is  weiglied  as  protoxide,  sulphate,  chromate,  Chloride, 
and  sulphide  of  lead.  Besides  these  compounds,  we  bave  likewise 
to  study  here  tbe  carbonate  and  the  oxalate  of  lead. 

a.  Neutral  carbonate  of  lead  forms  a heavy  white  pulverulent  precipi- 
tate.  It  is  but  very  sligbtly  soluble  in  perfectly  pure  water  (one  part  re- 
quiring  50550  parts  of  pure  water  ; (vide  Experiment  No.  43  a)  ; but  it 
dissolves  somewhat  more  readily  in  water  containing  ammonia  and  its 
salts.  (Experiments  No.  43  b and  c.).  It  dissolves  likewise  somewhat 
more  readily  in  water  impregnated  witb  carbonic  acid,  than  in  pure  water. 
It  loses  its  carbonic  acid  wben  ignited. 

b.  Oxalate  of  lead  is  a white  powder,  very  sparingly  soluble  in  water. 
The  presence  of  ammonia  salts  sligbtly  increases  its  solubility.  (Experi- 
ment No.  44.)  Wben  heated  in  close  vessels,  it  leaves  suboxide  of  lead 
bebind,  but  when  heated,  witb  access  of  air,  yellow  oxide  (protoxide). 

c.  Protoxide  of  lead,  produced  by  igniting  tbe  carbonate  or  oxalate  of 
tbis  metal,  is  a lemon-yellow  powder,  inclining  sometimes  to  a reddish 
yellow,  or  to  a pale  yellow.  Whenever  this  yellow  protoxide  of  lead  is 
heated,  it  assumes  a brownish  red  color,  witbout  the  slightest  Variation  in 
its  weigbt.  It  fuses  at  an  intense  red  heat.  Ignition  in  contact  with 
charcoal  reduces  it.  Wben  exposed  to  a white  heat,  it  rises  in  vapor. 
Placed  upon  moist,  reddened  litmus-paper,  it  clianges  the  color  of  this  paper 
to  blue.  When  exposed  to  the  air,  it  slowly  absorbs  carbonic  acid  Mixed 
with  cbloride  of  ammonium  and  ignited,  it  is  converted  into  chloride  of  lead. 

COM  POSITION . 

Pb  = 1294-64  = 103-57  = 92-83 
O = 100-00  = 8-00  = 7 17 


1394-64  = 111-57  = 100-00 
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[§  62. 


d.  Sulphate  of  lead  forms  a heavy,  wlnte  powder.  It  dissolves,  at  the 
common  temperature,  in  22800  parts  of  pure  water  (Experiment  No.  45) ; 
it  is  less  soluble  still  in  water  containing  sulphuric  acid  (one  part  requiring 
36500  parts — Experiment  No  46) ; it  is  far  more  readily  soluble  in  water 
containing  ammoniacal  salts  ; from  this  solution  it  may  be  precipitated 
again  by  adding  sulphuric  acid  in  excess  (Experiment  No.  47).  It  is 
nearly  altogetber  insoluble  in  alcohol  and  spirits  of  wine.  It  dissolves  in 
concentrated  hydrochloric  acid,  upon  heatiug.  In  nitric  acid  it  dissolves 
the  more  readily,  the  more  concentrated  and  hotter  the  acid  ; water  fails  to 
precipitate  it  from  its  solution  in  nitric  acid ; but  the  addition  of  a copious 
amount  of  dilute  sulphuric  acid  causes  its  precipitation  from  this  solution. 
The  more  nitric  acid  the  solution  contains,  the  more  sulphuric  acid  is 
required  to  throw  down  the  sulphate  of  lead  from  it.  Sulphate  of  lead 
dissolves  sparingly  in  concentrated  sulphuric  acid,  and  the  dissolved  portion 
precipitates  again  upon  diluting  the  acid  with  water  (and  more  completely 
still,  upon  the  addition  of  alcohol).  It  dissolves  readily  in  hot  Solutions 
of  potassa  or  soda.  It  is  unalterable  in  the  air,  and  at  a gentle  red  heat ; 
when  exposed  to  a higher  degree  of  heat,  it  fuses  without  suffering  de- 
composition.  (Experiment  No  48.)  When  sulphate  of  lead  is  ignited  in 
conjunction  with  charcoal,  sulphide  of  lead  is  formed  at  first,  and  the  sul- 
phur  of  this  reduces  the  sulphuric  acid  of  the  undecomposed  portion 
of  the  sulphate,  to  sulpliurous  acid,  giving  thus,  on  both  sides,  rise  to  the 
Separation  of  metallic  lead. 


COM  POSITION. 

PbO  = 1394-64  = 111-57  = 73*56 
S03  = 500*00  40-00  = 26-44 

1894-64  = 151*57  = 100-00 

e.  Chloride  of  lead  appears  either  in  the  form  of  small  brilliant  crystal- 
line  needles,  or  as  a white  powder  ; it  dissolves,  at  the  common  tem- 
perature,  in  135  parts  of  water  ; and  is  still  more  soluble  in  hot  water. 
It  dissolves  less  readily  in  water  mixed  with  nitric  acid,  one  part  re- 
quiring 1636  parts,  (Bishof);  it  dissolves  copiously  in  concentrated  hy- 
drochloric acid,  from  wliich  solution  it  may  be  precipitated  again  by  the 
addition  of  water.  It  is  extremely  sparingly  soluble  in  spirits  of  wine  of 
from  70  to  80  per  cent,  and  altogetber  insoluble  in  absolute  alcohol.  It  is 
unalterable  in  the  air.  It  fuses  at  a temperature  below  red  heat,  without 
suffering  any  diminution  of  weight.  When  exposed  to  a higher  tempera- 
ture, with  access  of  air,  it  volatilizes  slowly,  with  partial  decomposition  : 
chlorine  gas  escaping,  and  a mixture  of  protoxide  and  chloride  of  lead  re- 
maining  behind. 


§ 63.] 


SUBOXIDE  AND  OXIDE  OE  MERCURY. 
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COM  POSITION. 

Pb  = 1294-64  = 103-57  = 74-49 
CI  = 443-28  = 35-46  = 25-51 

1737-92  = 139-03  = 100-00 

f.  Sulphide  of  leacl,  prepared  in  the  humid  way,  is  a black  precipi- 
tate,  insoluble  in  water,  dilute  acids,  alkalies,  and  alkaline  sulphides. 
This  precipitate  is  unalterable  in  the  air,  and  may  be  dried  at  212°  without 
suffering  decomposition.  It  dissolves  in  concentrated  hot  hydrocliloric  acid, 
with  evolution  of  sulphuretted  hydrogen.  In  moderately  concentrated  nitric 
acid,  sulphide  of  lead  dissolves,  upon  the  application  of  heat,  with  Sepa- 
ration of  sulphur, — if  the  acid  is  rather  concentrated,  a small  portion  of 
sulphate  of  lead  is  also  formed.  Fuming  nitric  acid  acts  energetically  upon 
sulphide  of  lead,  and  converts  it  into  sulphate  of  lead,  without  Separation 
of  sulphur.  (Experiment  No.  49.) 

COMPOSITION. 

Pb  = 1294-64  = 103-57  = 86-61 
S = 200-00  = 16-00  = 13-39 

1494-64  = 119-57  = 100-00 

For  the  composition  and  properties  of  chromate  of  lead,  see  chromic 
acid,  § 72. 

§ 63. 

3.  SUBOXIDE  OF  MERCURY;  and  4.  OXIDE  OF  MERCURY. 

Mercury  is  weighed  either  in  the  metallic  state,  or  as  subchlo- 
ride,  or  as  sulphide  of  mercury,  or  occasionally  also  as  oxide. 

a.  Metallic  mercury  is  liquid  at  the  common  temperature ; it  has 
a tin-white  color.  When  pure,  it  presents  a perfectly  bright  surface. 
It  is  unalterable  in  the  air  at  the  common  temperature.  It  boils  at 
680°.  Mercury  emits  a sensible  vapor  at  from  between  68°  and 
80° ; but  at  this  temperature  it  volatilizes  very  slowly.  Upon  long 
boiling  with  water,  a small  portion  of  mercury  volatilizes,  and  traces 
of  it  escape  in  conjunction  with  the  aqueous  vapor,  whilst  a very  minute 
proportion  remains  suspended  in  the  water.  (Experiment  No.  50.) 
This  suspended  portion  of  mercury  subsides  completely  after  long  Stand- 
ing at  rest.  When  metallic  mercury  is  precipitated  from  a fluid,  in  a very 
minutely  divided  form,  the  small  globules  will  readily  unite  into  a large 
one,  if  the  mercury  be  perfectly  pure ; but  if  even  the  slightest  trace  of 
extraneous  matter,  such  as  fat,  &c.,  should  adhere  to  the  mer  cury,  the 
union  of  the  minute  globules  of  this  metal  will  be  prevented.  Mer- 
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[§  C3. 


cury  does  not  dissolve  in  hydrochloric  acid,  not  even  in  concentrated  ; it 
is  barely  solublc  in  dilute  cold  sulphuric  acid,  but  dissolves  readily  in  nitric 
acid,  and  in  concentrated  boiling  sulphuric  acid. 

h.  Subchloride  of  mercury,  prepared  in  the  hnmidway,  is  a heavy  white 
powder.  It  is  almost  absolutely  insoluble  in  cold  water  ; in  boiling  water 
it  is  gradually  decomposed  into  chlorine  and  mercury ; upon  continued 
boiling,  the  residue  acquires  a gray  color.  Highly  dilute  hydrochloric 
acid  fails  to  dissolve  the  subchloride  of  mercury,  at  the  common  tempe- 
rature,  but  dissolves  it  slowly  at  a higher  temperature ; upon  ebullition, 
witli  access  of  air,  the  whole  of  the  subchloride  is  gradually  dissolved 
by  the  dilute  acid : the  solution  contains  chloride  of  mercury  (Hg2 
Cl  + HCl  + 0=2HgCl  + H0).  Subchloride  of  mercury,  when  acted 
upon  hy  boiling  concentrated  hydrochloric  acid,  is  rather  speed ily  decom- 
posed into  mercury,  which  remains  undissolved,  and  chloride  of  mercury, 
which  dissolves  in  the  menstruum.  Boiling  nitric  acid  dissolves  subchloride 
of  mercury  and  converts  it  .into  chloride  and  nitrate  of  mercury.  Chlorine 
water  and  nitrohydrochloric  acid  transforms  it  into  chloride,  even  at  a low 
temperature.  Solutions  of  chloride  of  ammonium,  chloride  of  sodium,  and 
chloride  of  potassium,  decompose  subchloride  of  mercury  into  metallic  mer- 
cury and  chloride  of  mercury,  which  latter  dissolves  in  the  menstruum  ; 
at  a low  temperature,  this  decomposition  is  confmed  to  a small  portion  of  the 
subchloride,  but  the  application  of  heat  promotes  the  decomposing  action  of 
the  alkaline  Solutions.  Subchloride  of  mercury  does  not  affeet  vegetable 
colors ; it  is  unalterable  in  the  air,  and  may  be  dried  at  212°  without  suf- 
fering  any  diminution  of  weight ; when  exposed  to  a higher  degree  of 
heat,  thougli  still  below  redness,  it  volatilizes  completely,  without  previous 
fusion. 


COMPOSITION. 

2 Hg  = 2501*20  = 200-10  = 84-95 
CI  443-28  = 35*46  = 15-05 

2944-48  = 235-56  = 100-00 

c.  Sulphide  of  mercury,  prepared  in  the  humid  way,  is  a black  powder,  in- 
soluble in  water.  Dilute  hydrochloric  acid,  and  dilute  nitric  acid,  failto  dis- 
solve it,  and  it  remains  insoluble  even  in  boiling  hydrochloric  acid  ; it  is  only 
very  slightly  soluble  in  hot  concentrated  nitric  acid,  but  it  is  dissolved  by 
nitrohydrochloric  acid.  In  solution  of  potassa,  it  is  insoluble,  eventhough 
the  solution  be  boiling  ; but  it  dissolves  readily  in  sulphide  of  potassium. 
(Experiment  No.  51.)  Sulphide  of  ammonium  and  cyanide  of  potassium 
fail  to  dissolve  it.  In  the  air  it  is  unalterable,  even  in  the  moist  state,  and 
so  it  remains  at  212°.  When  exposed  to  a higher  temperature,  it  sublimes 
completely  and  unaltered. 
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COM  POSITION. 

Hg  = 1250-6  = 100-05  = 86-21 

S = 200-0  = 16-00  = 13-79 

1450-6  = 116-05  = 100-00 

d.  Oxide  of  mercury  is  a crystalline  brick-colored  powder,  which, 
when  it  is  exposed  to  the  action  of  lieat,  clianges  to  the  color  of  cinnabar, 
and  subsequently  to  a violet  black  tint.  It  bears  a tolerably  strong 
lieat  without  sulfering  decomposition ; but,  when  lieated  to  incipient 
redness,  it  is  decomposed  into  mercury  and  oxygen ; perfectly  pure  oxide 
of  mercury  leaves  no  residue,  upon  continued  exposure  to  a red  lieat. 

COM  POSITION. 

Hg  = 1250-6  = 100-05  = 92-59 

O = 100-0  = 8-00  = 7-41 

1350-6  = 108-05  = 100-00 
§ 64. 

5.  OXIDE  OF  COPPER. 

Copper  is  usually  weigbed  in  tlie  form  of  oxide.  Besides  the  oxide, 
we  liave  to  examine  here  sulphide  of  copper,  metallic  copper, 
and  suboxide  of  copper. 

a.  Oxide  of  topp  er.  When  a dilute,  cold,  aqueous  solution  of  a salt  of 
copper  is  mixed  with  solution  of  potassa  in  excess,  a light  blue  precipitate  of 
hydrated  oxide  of  copper  is  formed  ; this  precipitate  is  very  liable  to  carry 
down  with  it  a little  of  the  precipitant,  which  it  is  found  difficult  to  wash 
out.  If  the  precipitate  be  left  in  the  fluid  from  which  it  lias  been  pre- 
cipitated,  it  will,  even  at  a temperature  of  from  68°  to  80°,  gradually 
acquire  a rusty  black  tint,  yielding  up  nearly  the  whole  of  its  water  of  liy- 
dration. 

This  transformation  is  immediate  upon  heating  the  fluid  nearly  to  boil- 
ing.  The  fluid  filtered  otf  from  the  black  precipitate  is  free  from  copper. 
If  the  Solutions  of  the  salt  of  copper,  and  of  potassa,  are  mixed  in  a 
concentrated  state,  the  fluid,  in  addition  to  the  formation  of  the  blue  pre- 
cipitate, will  acquire  a blue  color,  owing  to  a portion  of  very  minutely  di- 
vided  hydrated  oxide  remaining  suspended  in  it.  From  a fluid  of  this 
description,  even  protracted  boiling  will  fail  to  precipitate  all  the  copper 
which  it  contains ; after  previous  dilution  with  water,  however,  the  de- 
sired  object  is  readily  attained.  If  the  solution  of  a salt  of  copper  happens 
to  contain  non-volatile  organic  substances  in  admixture,  potassa  in  excess 
will,  even  upon  boiling,  fail  to  precipitate  the  whole  of  the  copper  as  oxide. 
The  oxide  of  copper  precipitated  with  potassa  from  hot  dilute  Solutions  of 
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salts  of  copper,  rctains  a portion  of  the  precipitant,  with  great  force  ; 
it  may,  however,  be  completely  freed  from  this  by  washing  with  boiling 
water.  Oxide  of  copper,  prepared  by  the  ignitiou  of  carbonate  or  nitrate 
of  copper,  is  a brownish  black,  or  black  powder,  the  weight  of  which  re- 
mains  unalterable,  upon  strong  ignition  over  the  spirit-lamp.  (Experiment 
No.  52.)  The  same  powder  is  produced  by  ignitiug  the  oxide  of  copper 
prepared  in  the  humid  way.  But  if  the  oxide  of  copper,  either  pre- 
pared in  the  dry  or  humid  way,  is  exposed  to  a lieat  approaching  the 
fusing  point  of  metallic  copper,  it  fuses,  yields  up  oxygen,  and  becomes 
converted  into  Cu503.  {Favre  and  Maumene .)  It  is  readily  reduced 
by  ignition  in  contact  with  cliarcoal ; lieated  in  the  air,  the  reduced  me- 
tallic copper  re-oxidizes.  Oxide  of  copper,  in  contact  with  the  atmo- 
sphere,  absorbs  water  ; oxide  that  has  been  but  slightly  ignited,  absorbs  the 
water  more  rapidly  than  such  as  has  been  strongly  ignited.  (Experiment 
No.  53.)  Oxide  of  copper,  is  nearly  insoluble  in  water,  but  it  dissolves 
readily  in  hydrochloric  acid,  nitric  acid,  &c.  ; it  dissolves  less  readily  in 
ammonia.  It  does  not  affect  vegetable  colors. 


COM  POSITION. 

Cu  = 396-00  = 31-68  = 79-84 

o = 100-00  = 8/00  = 20-16 

496-00  = 39-68  = 100-00 

h.  Sulphide  of  copper,  prepared  in  the  humid  way,  is  a brownish  black, 
or  black  precipitate,  insoluble  in  water ; wlien  this  precipitate,  in  a moist 
state,  is  exposed  to  the  air,  it  acquires  a greenish  tint,  and  the  property  of 
reddening  litmus  paper, and  becomes  gradually  altogether  converted  into  sul- 
pliate  of  copper.  Sulphide  of  copper  dissolves  readily  in  boiling  nitric  acid, 
with  Separation  of  sulphur.  Hydrochloric  acid  dissolves  it  with  difficulty. 
It  does  not  dissolve  in  Solutions  of  potassa  and  of  sulphide  of  potassium, 
even  if  these  Solutions  be  boiling  ; but  it  dissolves  perceptibly  in  sulphide 
of  ammonium,  and  readily  in  cyanide  of  potassium. 

c.  Copper  in  its  pure  state,  is  a metal  of  a peculiar  reddish-brown 
color.  It  requires  a white  lieat  for  its  fusion.  Exposure  to  dry,  or 
moist  air*  free  from  carbonic  acid,  leaves  it  unaltered  ; but  upon  exposure  to 
moist  air  impregnated  with  carbonic  acid,  it  becomes  gradually  tarnislied 
and  coated  with  a film,  first  of  adarkgray,  finally  of  a blueish  green  color. 
Upon  ignition  in  the  air,  a layer  of  black  oxide  forms  on  its  surface.  Hy- 
drochloric acid  fails  to  dissolve  it,  even  upon  boiling,  if  the  air  is  excluded  ; 
but  with  free  access  of  air,  it  dissolves  it  slowly.  Copper  dissolves  readily 
in  nitric  acid.  In  ammonia  it  dissolves  slowly  if  free  access  is  given  to  the 
air ; but  it  remains  insoluble  in  that  menstruum,  if  the  air  is  excluded. 
Metallic  copper  brought  into  contact  with  solution  of  chloride  of  copper  in 
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hydrochloric  acid,  or  with  solution  of  oxide  of  copper  in  ammonia,  reduces 
the  chloride  to  subchloride,  and  the  black  oxide  to  red  oxide  (suboxide), 
one  equivalent  of  metal  being  dissolved  for  evcry  one  equivalent  of  chloride, 
or  oxide. 

d.  AVhen  the  blue  solution  wbicb  is  obtained  upon  the  addition  of  para- 
tartaric  acid,  and  subsequently  of  a solution  of  soda  in  excess,  to  solution  of 
oxide  of  copper,  is  mixed  with  solution  of  grape  sugar,  or  sugar  of  milk,  and 
the  mixture  is  heated,  there  speedily  forms  an  orange-yellow  precipitate  of 
bydrated  suboxide  of  copper,  which  contains  the  wbole  of  the  copper  origi- 
nally  present  in  the  solution,  and  after  a short  time,  more  particularly 
upon  the  application  of  a stronger  heat,  turns  red,  owing  to  the  conversion 
of  the  hydrate  into  simple  suboxide  (Cu20.)  The  precipitate,  which  is 
insoluble  in  water,  retains  a portion  of  alkali  with  great  force.  AVhen 
acted  upon  with  dilute  sulphuric  acid,  it  yields  sulphate  of  copper, 
which  dissolves  in  the  menstruum,  and  metallic  copper,  which  separates. 

• § 65. 

6.  TEROXIDE  OF  BISMUTH. 

Bismuth  is  invariably  weighed  in  the  form  of  teroxide.  Besides  this 
compound,  we  have  to  study  here  the  basic  carbonate  and  the  ter- 

SULPHIDE  OF  BISMUTH. 

a.  Teroxide  of  bismuth,  prepared  by  igniting  the  carbonate,  or  nitrate 
of  that  metal,  is  a pale  lemon-yellow  powder  which,  under  the  influence  of 
heat,  assumes  transiently  a dark  yellow,  or  reddish-brown  tint..  AVhen  heated 
to  intense  redness,  it  fuses,  without  any  alteration  in  its  weight.  Ignition 
in  conjunction  with  cliarcoal,  or  in  a stream  of  carbonic  oxide  gas,  reduces 
it  to  the  metallic  state.  It  is  insoluble  in  water,  and  does  not  affect  ve- 
getable  colors.  It  dissolves  readily  in  tliose  acids  which  form  soluble  salts 
with  it. 

COM  POSITION. 

Bi  = 2599-95  = 208  = 89*655 
03  = 300-00  = 24  = 10-345 

2899-95  = 232  = 100-000 

b.  Carbonate  of  teroxide  of  bismuth. — Upon  adding  carbonate  of  ammo- 
nia in  excess  to  the  solution  of  a salt  of  bismuth,  free  from  hydrochloric  acid, 
a white  precipitate  of  carbonate  of  bismuth  (Bi03,C02)  is  immediately 
formed  ; part  of  this  precipitate,  however,  redissolves  in  the  excess  of  the  pre' 
cipitant.  But  if  the  fluid  with  the  precipitate  be  heated  previous  to  filtration, 
the  filtrate  will  be  perfectly  free  from  auy  trace  of  bismuth.  Carbonate  of 
potassa  likewise  precipitates  Solutions  of  salts  of  bismuth  completely  ; but 
the  precipitate  in  this  case  invariably  contains  traces  of  potassa,  which  it  is 
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very  difficult  to  remove  by  washing.  Carbonate  of  soda  precipitates  Solu- 
tions of  salts  of  bismuth  less  completely  than  the  carbonate  of  ammonia, 
and  that  of  potassa.  The  precipitate  obtained  by  means  of  carbonate  of 
ammonia,  is  easily  washed  ; it  is  nearly  insoluble  in  water,  but  dissolves 
readily,  with  eifervescence,  in  hydrochloric  acid  and  nitric  acid.  Upon 
ignition  it  loses  its  carbonic  acid,  leaving  ter oxide  of  bismuth  behind. 

c.  Tersulphide  of  bismuth,  prepared  in  the  humid  way,  is  a brownish  black, 
or  black  precipitate,  insoluble  in  water,  dilute  acids,  alkalies,  alkaline  sul- 
phides,  and  cyanide  of  potassium.  In  moderately  concentrated  nitric  acid 
it  dissolves,  at  a high  temperature,  as  a nitrate,  with  Separation  of  sulphur. 
It  is  unalterable  in  the  air,  and  may  be  dried  at  212°,  without  undergoing 
any  change. 

COMPOSITION. 

Bi  = 2599*95  = 208  = 81-25 
3S  = 600-00  = 48  = 18-75 

3199-95  = 256  = 100-00 


§ 66. 

7.  OXIDE  OF  CADMIUM. 

Cadmium  is  weighed  either  as  oxide,  or  as  sulphide  of  cadmium. 
Besides  these  substances,  we  have  to  examine  carbonate  of  cadmium. 

a.  Oxide  of  cadmium , produced  by  igniting  the  carbonate,  or  nitrate  of 
cadmium,  is  a powder,  the  color  of  whicli  varies  from  yellowish  brown  to 
reddish  brown.  The  application  of  a white  heat  fails  to  fuse,  to  volatilize,  or 
to  decompose  it ; it  is  insoluble  in  water,  but  dissolves  readily  in  acids ; it 
does  not  alter  vegetable  colors.  Ignition,  in  conjunction  with  charcoal, 
reduces  it  readily,  the  metallic  cadmium  escaping  in  the  form  of  vapor. 

COMPOSITION. 

Cd  = 696-77  = 55-74  = 87*45 
O = 100-00  = 8-00  = 12-55 

796-77  = 63-74  = 100-00 

b.  Carbonate  of  cadmium  is  a white  precipitate,  insoluble  in  water  and 
in  the'fixed  alkaline  carbonates,  and  extremely  sparingly  soluble  in  carbo- 
nate of  ammonia.  It  loses  its  water  completely  upon  desiccation.  Igni- 
tion converts  it  into  oxide  of  cadmium. 

c.  Sulphide  of  cadmium,  produced  in  the  humid  way,  is  a lemon- 
yellow,  or  orange-yellow  precipitate,  insoluble  in  water,  dilute  acids, 
alkalies,  alkaline  sulphides,  and  cyanide  of  potassium.  (Experiment 
No.  54.)  It  dissolves  in  concentrated  hydrochloric  acid,  with  evolution  of 
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sulphuretted  hydrogen,  and  in  moderately  concentrated  hot  nitric  acid, 
with  Separation  of  sulphur.  It  may  be  dried  at  212°,  without  undergoing 
decomposition. 

COM  POSITION. 

Cd  = G9677  = 55-74  = 77*78 
S = 200-00  = 16-00  = 22-22 

896-77  = 71-74  = 100-00 

METALLIC  OXIDES  OF  THE  SIXTH  GROUP. 

§ 67. 

1.  TEROXIDE  OF  GOLD. 

Gold  is  invariably  weighed  in  the  metallic  state.  Besides  metallic 
gold,  we  have  to  consider  here  tersulphide  of  gold. 

a.  Metallic  golcl , obtained  by  precipitation,  presents  the  appearance 
of  a blackish-brown  powder,  destitute  of  metallic  lustre,  which  it  assumes, 
however,  upon  pressure,  or  friction  ; when  coherent  in  a compact  mass,  it 
exhibits  the  characteristic  bright  yellow  color  peculiar  to  it.  It  fuses  only 
at  a white  heat,  and  resists,  accordingly,  all  attempts  at  fusion  over  a 
spirit-lamp.  It  remains  wholly  unaltered  in  the  air  and  at  a red  heat, 
and  is  not  in  the  slightest  degree  affected  by  water,  nor  by  any  single  acid. 
Nitrohydrochloric  acid  dissolves  it  to  tercliloride  of  gold. 

b.  Tersulphide  of  gold. — When  sulphuretted  hydrogen  is  transmitted 
through  a dilute  cold  solution  of  terchloride  of  gold,  the  wliole  of  the  gold 
separates  as  tersulphide  (Au  S3),  in  the  form  of  a brownish-black  preci- 
pitate.  If  this  precipitate  be  left  in  the  fluid,  it  will  gradually  be  trans- 
formed  into  metallic  gold  and  free  sulphuric  acid.  Upon  transmitting 
sulphuretted  hydrogen  through  a hot  solution  of  terchloride  of  gold,  a 
protosulphide  (Au  S)  precipitates,  with  simultaneoiis  formation  of  sulphuric 
acid  and  of  hydrochloric  acid. 

(2  AuC13  + 3 IIS  + 3 HO  = 2 AuS  + 6 IIC1  + S03.) 

The  tersulphide  (Au  S3)  is  insoluble  in  water,  hydrochloric  acid,  and 
nitric  acid,  but  dissolves  in  nitrohydrochloric  acid.  The  colorless  sulphide 
of  ammonium  fails  to  dissolve  it ; but  it  dissolves  almost  completely  in  the 
yellow  sulphide  of  ammonium,  and  completely  upon  addition  of  potassa. 
It  dissolves  in  potassa,  with  Separation  of  gold.  Yellow  sulphide  of  po- 
tassium  dissolves  it  completely.  Exposure  to  a moderate  heat  reduces 
it  to  metallic  gold. 

§ 68. 

2.  BINOXIDE  OF  PLATINUM. 

Platinum  is  invariably  weighed  in  the  metallic  state  ; it  is  generally 
precipitated  as  bichloride  of  platinum  and  Chloride  of  ammo- 


120  TEROXIDE  OF  ANTIMONY.  [§  69. 

NIUM,  Or  as  BICHLORIDE  OF  PLATINUM  AND  CHLORIDE  OF  POTASSIUM, 

rarely  as  bisulphide  of  platinum. 

a.  Metallic  platinum,  produced  by  igniting  the  bicbloride  of  platinum 
and  cbloride  of  ammonium,  or  the  bichloride  of  platinum  and  chloride  of 
potassium,  presents  the  appearance  of  agray,lustreless,  porous  mass  (spongy 
platinum) . The  fusion  of  platinum  can  he  elfected  only  at  the  very  highest  de- 
grees  of  heat.  It  remains  wholly  unaltered  in  the  air,  and  even  the  most  in- 
tense  heat  of  our  furnaces  fails  to  affect  it.  It  is  insoluble  in  water  and  in 
any  single  acid,  and  nearly  insoluble  in  aqueous  Solutions  of  the  alkalies. 
Nitrohydrocliloric  acid  dissolves  it  to  bichloride  of  platinum. 

b.  The  properties  of  bichloride  of  platinum  and  chloride  of  potassium, 
and  tliose  of  bichloride  of  platinum  and  chloride  of  ammonium , have  been 
given  already  respectively  in  §§  47  and  49. 

c.  Bisulphide  of  platinum. — When  a concentrated  solution  of  bi- 
chloride of  platinum  is  mixed  with  sulphuretted  hydrogen  water,  or 
when  sulphuretted  hydrogen  gas  is  transmitted  through  a more  dilute  so- 
lution of  the  bichloride,  no  precipitate  forms  at  first;  after  standing 
some  time,  however,  the  solution  turns  brown,  and  finally  a precipitate 
subsides.  But  if  the  mixture  of  solution  of  bichloride  of  platinum 
with  sulphuretted  hydrogen  in  excess,  is  gradually  heated  to  ebulli- 
tion,  the  whole  of  the  platinum  separates  as  bisulphide  (free  from 
any  admixture  of  bichloride  of  platinum).  The  bisulphide  of  platinum 
is  insoluble  in  water  and  in  any  single  acid  ; but  it  dissolves  in  nitro- 
hydrochloric  acid.  It  dissolves  partly  in  caustic  alkalies,  with  Separation 
of  platinum,  and  completely  in  alkaline  sulphides  When  sulphu- 
retted hydrogen  is  transmitted  through  water  holding  minutely  divided 
bisulphide  of  platinum  in  mecbanical  Suspension,  the  bisulphide,  absorb- 
ing  sulphuretted  hydrogen,  acquires  a grayish  brown  color  (the  sulphu- 
retted hydrogen  thus  absorbed,  separates  again  upon  exposure  to  the  air). 
When  moist  bisulphide  of  platinum  is  exposed  to  the  air,  it  is  gradually 
decomposed,  being  converted  into  metallic  platinum  and  sulphuric  acid. 
Ignition  in  the  air  reduces  bisulphide  of  platinum  to  metallic  platinum. 

§ 69. 

3.  OXIDE  OF  ANTIMONY. 

Antimony  is  most  generally  weighed  as  tersulphide  of  antimony, 
more  rarely  as  antimonious  acid,  or  in  the  metallic  state. 

a.  Upon  transmitting  sulphuretted  hydrogen  through  a solution  of 
terchloride  of  antimony  mixed  with  paratartaric  acid,  an  orange-red 
precipitate  of  hydrated  tersulphide  of  antimony  is  obtained,  mixed  at  first 
with  a small  portion  of  basic  terchloride  of  antimony.  However,  if  the  fluid 
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is  thoroughly  saturated  with  sulphuretted  hydrogen,  and  a gentle  heat  ap- 
plied, the  terchloride  of  antimony  mixed  with  the  precipitate  is  decomposed, 
aud  the  pure  hydrated  tersulphide  of  antimony  is  obtained ; which,  sub- 
sequently,  in  the  process  of  drying,  loses  its  water  of  hydration.  Tersulphide 
of  antimony  is  insoluble  in  water  and  dilute  acids  ; it  dissolves  in  concen- 
trated  liydrochloric  acid,  with  evolution  of  sulphuretted  hydrogen. 
Brought  into  contact  with  fuming  nitric  acid,  containing  a slight  admixture 
of  hydrochloric  acid,  it  oxidizes  with  much  violence,  and  is  converted  into 
sulphate  of  teroxide  of  antimony.  It  dissolves  readily  in  Solutions  of  potassa, 
sulphide  of  ammonium,  and  sulphide  of  potassium,  but  is  only  sparingly 
soluble  in  ammonia.  It  may  be  dried  at  212°,  without  suffering  decom- 
position  ; when  dried,  it  is  unalterable  in  the  air.  When  recently  preci- 
pitated  tersulphide  of  antimony  is  long  boiled  with  water,  it  becomes  trans- 
formed  into  teroxide  of  antimony,  which  dissolves  in  the  water,  and  into 
sulphuretted  hydrogen.  When  tersulphide  of  antimony  is  exposed  for  some 
time  to  the  air,  water  being  present,  it  absorbs  oxygen,  and  dissolves 
gradually  as  sulphate  of  teroxide  of  antimony.  The  higher  sulphides  of 
antimony,  corresponding  to  antimonious  and  antimonic  acid,  are  likewise  in- 
soluble in  -water ; they  dissolve,  however,  sparingly  in  water  impregnated 
with  sulphuretted  hydrogen.  1 


COM  POSITION . 

IZo3-  ftO-Z, 

Sb  = 1612-90  = 129  = 72-89  /''V 

S3  = 600-00  = 48  = 27*11 


2212-90  = 177  = 100-00 


b.  Antimonious  acid  is  a white  powder  which,  when  heated,  acquires 
transiently  a yellow  tint ; it  is  fixed  and  infusible.  It  is  almost  insoluble 
in  water,  and  dissolves  in  hydrochloric  acid  with  very  great  difficulty.  It 
undergoes  no  alteration  by  the  action  of  sulphide  of  ammonium.  It 
manifests  an  acid  reaction,  when  placed  upon  moist  litmus  paper. 


, COMPOSITION. 

120.2 

Sb  = 1612-90  = 129  = 80-13  'Z  ö • ^ cp 
40  = 400-00  = 32  = 19-87  Z/>  C Zj 

2012-90  = 161  = 100-00 

c.  Metallic  antimony , produced  in  the  humid  way,  by  precipitation, 
presents  the  appearance  of  a lustreless  black  powder.  Metallic  antimony 
is  insoluble  in  water  ; however,  when  it  is  exposed  to  the  action  of  air,  in 
presence  of  water,  it  oxidizes  slowly,  and  the  oxide  formed  dissolves  in  the 
water  present.  The  powder  of  antimony  may  be  dried  at  212°,  without 
suffering  any  alteration.  It  fuses  at  a moderate  red  heat.  Upon  ignition 


122  PROTOXIDE  AND  BINOXIDE  OF  TIN.  [§  70. 

in  a current  of  hydrogen  gas  it  volatilizes  (without  formation  of  anti- 
moniuretted  hydrogen).  Concentrated  hydrochloric  acid  has  no  action 
on  it,  even  upon  ebullition.  Nitric  acid  converts  it  into  teroxide  of 
antimony,  mixed  witli  a greater  or  less  proportion  of  antimonious  acid, 
according  to  tlie  greater  or  less  degree  of  concentration  possessed  by  the 
oxidising  acid. 

§ 70. 

4.  PROTOXIDE  OF  TIN;  and  5.  BINOXIDE  OF  TIN. 

Tin  is  generally  weighed  in  the  form  of  binoxide  ; besides  the 
binoxide,  we  have  liere  to  examine  protosulphide  and  bisulphide  of 
tin. 

a.  Binoxide  of  tin — (a  and  b). — The  hydrate  of  the  binoxide  b 
(hijdrated  metastannic  acid),  is  obtained  in  the  form  of  a white  preci- 
pitate,  by  the  action  of  nitric  acid  upon  metallic  tin,  or  by  evaporating  a 
solution  of  a salt  of  tin  with  nitric  acid  in  excess.  This  precipitate  is  in- 
soluble  in  water,  nitric  acid,  and  sulphuric  acid,  and  dissolves  but  sparingly 
in  hydrochloric  acid.  It  reddens  litmus,  even  when  thoroughly  washed. 
But  if  we  precipitate  solution  of  bichloride  of  tin,  with  an  alkali,  with  sul- 
phate  of  soda,  or  nitrate  of  ammonia,  we  obtain  the  hydrate  of  the  binoxide 
a,  which  dissolves  readily  in  hydrochloric  acid.  Both  liydrates  lose  tlieir 
water  of  hydration,  upon  ignition,  and  change  to  simple  binoxide  of  tin. 

Binoxide  of  tin  is  a straw-colored  powder  which,  under  the  influence  of 
heat,  transiently  assumes  a different  tint,  varyiug  from  yellow  to  brown. 
It  is  insoluble  in  water  and  acids,  and  does  not  alter  the  color  of  litmus 
paper.  Mixed  with  chloride  of  ammonium  in  excess,  and  exposed  to  the 
action  of  a red  heat,  it  volatilizes  completely  as  bichloride. 

COM  POSITION. 

Sn  = 735-30  = 58-82  = 78-62 
2 0 — 200-00  = 16-00  = 21-38 

935-30  = 74-82  = 100-00 

b.  Hydrated  protosulphide  of  tin  forms  a brown  precipitate,  insoluble 
in  water,  sulphuretted  hydrogen  water,  and  dilute  acids.  Ammonia  fails  to 
dissolve  it ; but  it  dissolves  pretty  readily  (as  bisulphide)  in  the  yellow 
sulphide  of  ammonium,  and  in  the  yellow  sulphide  of  potassium ; 
it  dissolves  readily  in  hot  concentrated  hydrochloric  acid.  Heated,  with 
exclusion  of  air,  it  loses  its  water  of  hydration,  and  is  converted  into 
anhydrous  protosulphide  of  tin ; when  it  is  exposed  to  the  continued  action 
of  a gentle  heat,  with  free  access  of  air,  it  is  transformed  into  sulphur- 
ous  acid,  which  escapes,  and  binoxide  of  tin,  which  remains  behind. 

c.  Hydrated  bisulphide  of  tin  forms  a briglit  yellow  precipitate,  which, 
upon  drying,  assumes  a darker  tint.  It  is  insoluble  in  water,  but  dissolves 
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slightly  in  water  impregnated  with  sulphuretted  hydrogen ; it  dissolves 
with  difficulty  in  ammonia,  but  readily  in  potassa  and  alkaline  sulphides, 
and  likewise  in  bot  concentrated  hydrochloric  acid.  When  heated,  with 
exclusion  of  air,  it  loses  its  water  of  hydration,  and,  at  the  same  time, 
according  to  the  greater  or  less  degree  of  heat  applied,  one-half,  or  one 
whole  equivalent  of  sulphur,  becoming  converted  either  into  sesquisulphide, 
or  into  protosulphide  of  tin  ; when  heated  very  slowly,  with  free  access  of 
air,  it  becomes  converted  into  binoxide  oftin,  whilst  sulphurous  acid  escapes. 


§ 71. 

6.  ARSENIOUS  ACID;  and  7.  ARSENIC  ACID. 

Tersulphide  of  arsenic  is  weighed  either  as  arseniate  of  lead,  or 
as  arsenic,  or  as  arseniate  of  Magnesia  and  ammonia,  or  as  arse- 
niate OF  SESQUIOXIDE  OF  IRON. 

a.  Arseniate  of  lead , in  the  pure  state,  is  a white  powder,  which  begins 
to  agglutinate  into  a semi-fused  mass,  when  exposed  to  a gentle  red  heat, 
at  the  same  time  transitorily  acquiring  a yellow  tint ; it  fuses  when  exposed 
to  a higher  degree  of  heat.  When  strongly  ignited,  it  suffers  a slight 
diminution  of  weight,  losing  a small  proportion  of  arsenic  acid,  which 
escapes  as  arsenious  acid  and  oxygen.  In  analysis  we  have  never  occasion 
to  operate  upon  the  pure  arseniate  of  lead,  but  upon  a mixture  of  it  with 
free  oxide  of  lead. 

b.  Tersulphide  of  arsenic  i orms  a precipitate  of  arich  yellow  color;  itis 
insoluble  in  water,  and  but  very  sparingly  soluble  in  sulphuretted  hydrogen 
water.  When  boiled  with  water,  or  left  for  several  days  in  contact  with 
that  fluid,  it  undergoes  a trifling  decomposition : a trace  of  arsenious 
acid  dissolves  in  the  water,  and  a minute  proportion  of  sulphuretted 
hydrogen  is  disengaged.  Tliis  does  not  interfere,  liowever,  with  the  wash- 
ing  of  the  precipitate.  The  precipitate  may  be  dried  at  212°,  without  suf- 
fering  decomposition  ; the  whole  of  the  water  which  it  contains  is  expelled  at 
that  temperature.  When  exposed  to  a stronger  heat,  tersulphide  of  arsenic 
transitorily  assumes  a brownish-red  color,  fuses,  and  finally  rises  in  vapor, 
without  suffering  decomposition.  It  dissolves  readily  in  alkalies  and  alka- 
line sulphides,  and  likewise  in  nitrohydrochloric  acid,  but  it  is  only  slightly 
soluble  in  boiling  concentrated  hydrochloric  acid.  Fuming  nitric  acid 
converts  it  into  arsenic  acid  and  sulphuric  acid. 

COM  POSITION. 

As  = 937-5  = 75  = 60-98 
3 S = 600-0  = 48  = 39-02 


1537-5  = 123  = 100-00 
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c.  Arseniate  of  magnesia  and  ammonia  forms  a wliite,  somewhat  trans- 
parent, fine  crystalline  precipitate,  which  has  tlie  formula,  2 Mg0,NII40, 
As05  -f- 12  aq. 

At  212°  it  loses  1 1 equivalents  of  water ; the  formula  of  the  precipitate 
dried  at  tliat  temperature,  is  accordingly  2 Mg0,NH40,As05  + aq. 
Upon  ignition  it  loses  its  water  and  ammonia,  and  changes  to  2 MgO, 
AsOs.  But  as  the  ammoniacal  gas  exercises  a reducing  action  upon  the 
arsenic  acid,  the  new  compound  suffers  a loss  of  weight,  which  is  the  more 
considerable  the  longer  the  application  of  a red  heat  is  continued ; it 
amounts  to  from  4 — 12  per  cent  of  the  arsenic  originally  present  in  the  salt. 
{H.  llose).  Arseniate  of  magnesia  and  ammonia  dissolves  very  sparingly 
in  water,  one  part  of  the  salt  dried  at  212°,  requiring  4926,  one  part  of  the 
anhydrous  salt,  5154  parts  of  water  of  59°.  It  is  still  more  sparingly 
soluble  in  ammoniated  water,  one  part  of  the  salt  dried  at  212°,  requiring 
9260,  one  part  of  the  anhydrous  salt,  9709  parts  of  a mixture  of  one  part 
of  liquor  of  ammonia  (0’96  sp.  gr.),  and  7 parts  of  water  at  59°.  In  water 
containing  Chloride  of  ammonium,  it  is  much  more  readily  soluble,  one  part 
of  the  anhydrous  salt  requiring  1600  parts  of  a solution  of  one  partof  Chlo- 
ride of  ammonium  in  70  parts  of  water;  and  1044  parts  of  a solution  of 
one  part  of  Chloride  of  ammonium  in  7 parts  of  water.  Presence  of  ammonia 
diminishes  the  solvent  capacity  of  the  chloride  of  ammonium  solution  : one 
part  of  the  anhydrous  salt  requires  2790  parts  of  a mixture  of  60  parts  of 
water,  10  of  solution  of  ammonia  (0'96  sp.  gr.),  and  one  of  chloride 
of  ammonium;  and  1810  parts  of  a mixture  of  one  part  of  chloride  of 
ammonium,  one  of  caustic  ammonia,  and  6 of  water.  The  experiments  on 
the  solubility  of  arseniate  of  magnesia  and  ammonia  were  made  in  my  own 
laboratory  by  Mr.  Frankel  (J.  pr.  Chem.  56,  33). 

d.  Arseniate  of  sesquioxide  of  iron. — The  white,  shining  precipitate,  pro- 
duced  by  the  action  of  arseniate  of  soda  upon  solution  of  sesquichloride 
of  iron,  has  the  composition  2 Fe203,  3 AsOs.  It  dissolves  in  solution 
of  ammonia,  imparting  a yellow  color  to  the  fluid. 

Besides  this  compound,  there  exist  still  several  others,  witli  larger  pro- 
portions  of  sesquioxide  of  iron  ; thus  we  have,  Fe203,  AsOs,  which  falls 
down + 5 aq.  upon  the  precipitation  of  arsenic  acid  with  acetate  of  sesqui- 
oxide of  iron  (. Kotschoubeg ) ; 2 Fe203,  AsOs,  which  is  obtained-f  12  aq., 
when  basic-arseniate  of  protoxide  of  iron  is  oxidized  with  nitric  acid,  and 
ammonia  added; — 16  Fe203,  AsOs,  which  forms-j-24  aq.,  upon  boiling 
the  less  basic  compounds  with  solution  of  potassa  in  excess  ( Berzelius ) . The 
two  latter  compounds  are  not  soluble  in  ammonia ; the  last  of  them  is  quite 
likehydrated  sesquioxide  of  iron.  In  Berthier’s  method  of  estimating  arsenic 
acid,  we  obtain  mixtures  of  these  different  salts.  They  are,  on  account  of 
their  insolubility  in  ammonia,  the  better  adapted  for  the  purpose,  the  more 
basic  they  are;  and  in  the  same  measure,  it  is  the  easier  to  wash  them. 
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Upon  ignition  the  water  alone  is  expelled,  provided  the  heat  be  very  gra- 
dually  increased.  But  if  the  salt  is  suddenly  exposed  to  a very  strong 
heat  before  the  adhering  ammonia  bas  escaped,  part  of  the  arsenic  acid 
is  thereby  reduced  to  arsenious  acid  ( H . Rose). 


B. FORMS  AND  COMBINATIONS  IN  WHICH  THE  VARIOUS  ACIDS  ARE 

SEPARATED  FROM  OTHER  BODIES,  OR  IN  WHICH  THEIR  RE- 
SPECTIVE  WEICHT  IS  DETERMINED. 

ACIDS  OF  THE  FIRST  GROUP. 

§ 72. 

1.  Arsenious  acid  and  Arsenic  acid. — See  the  preceding  para- 
graph  (§71). 

2.  Ch romic  acid. 

Chromic  acid  is  weiglied  either  in  the  form  of  sesquioxide  of  chro- 
mium,  or  in  that  of  Chromate  of  lead. 

a.  Sesquioxide  of  ehr omium. — See  § 55. 

h.  Chromate  of  lead  forms  a precipitate  of  an  intensely  yellow  color ; 
tliis  precipitate  is  insoluble  in  water  and  acetic  acid,  and  barely  soluble  in 
dilute  nitric  acid,  but  readily  so  in  solution  of  potassa.  When  chromate  of  lead 
is  boiled  with  concentrated  hydrochloric  acid,  it  is  readily  decomposed,  and 
its  elements  transposing  with  those  of  the  decomposing  acid,  chloride  of 
lead  and  protochloride  of  cliromium  are  formed.  Addition  of  alcohol 
tends  to  promote  this  double  decomposition.  Chromate  of  lead  is  unal- 
terable  in  the  air ; it  dries  thoroughly  at  212°.  Under  the  influence  of 
heat,  it  transitorily  acquires  a reddish-brown  tint ; it  fuses  at  a red  heat ; 
when  heated  beyond  its  point  of  fusion,  it  loses  oxygen,  and  is  trans- 
formed  into  a mixture  of  sesquioxide  of  cliromium  and  basic  chromate  of 
lead.  Heated  in  contact  with  organic  substances,  it  readily  yields  up 
oxygen  to  the  latter. 

COM  POSITION . 

PbO  = 1394-64  = 111-57  = 68-72 
Cr03  = 634-70  = 50-78  = 31-28 

2029-34  = 162-35  = 100-00 

3.  SULPHURIC  ACID. 

Sulpliuric  acid  is  determined  best  in  the  form  of  sulphate  of  baryta, 
for  the  properties  of  which  see  § 50. 
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Phosplioric  acid  may  bc  weighed  as  Phosphate  of  lead,  pyrophos- 

PHATE  OF  MAGNESIA,  BASIC  PHOSPHATE  OF  SESQUIOXIDE  OF  IRON, 
PHOSPHATE  OF  BINOXIDE  OF  TIN,  PHOSPHATE  and  PYRO PHOSPHATE  OF 

silver.  Besides  tliese  compounds,  we  have  to  examine  here  Phos- 
phate OF  SUBOXIDE  OF  MERCURY,  and  PHOSPHO-MOLYBDATE  OF  AM- 
MONIA. 

a.  The  phosphate  of  lead,  obtained  in  the  course  of  analysis,  is  hardly 
ever  quite  pure,  but  is  generally  intermixed  with  free  oxide  of  lead.  The 
basic  phosphate  of  lead  (3  PbO,POs)  in  the  pure  state,  presents  the 
appearance  of  a white  powder ; it  is  insoluble  in  wrater  and  in  acetic  acid, 
and  equally  so  in  ammonia ; it  dissolves  readily  in  nitric  acid.  When 
exposed  to  the  action  of  lieat,  it  fuses,  without  undergoing  decomposition. 

b.  Pyrophosphate  of  Magnesia. — See  § 53. 

c.  Basic  pliosphate  of  sesquioxide  of  iron. 

Räwslcy  States  that  upon  the  precipitation  of  phosplioric  acid  with 
acetate  of  sesquioxide  of  iron  in  excess,  or  with  a mixture  of  iron  alum,  and 
acetate  of  soda,  a pliosphate  of  sesquioxide  of  iron  is  produced,  of  constant 
composition,  viz.,  Fe203,P05.  The  correctness  of  this  Statement  has 
been  questioned,  in  Liebig  and  Kopp’s  Annual  Report  (Jahresbericht)  1847 
and  1848,  p.  946  ; and  altogether  disputed  by  Way  and  Ogston  ( Liebig 
and  Kopp’s  Annual  Report,  1849,  p.  571).  Wittstein  obtained  Fe203, 
PO  5,  by  exactly  precipitating  phosphoric  acid  with  acetate  of  sesquioxide  of 
iron;  but  upon  adding  the  precipitant  in  excess,  he  obtained  4 Fe2,03, 

3 P05.  Bammelsberg  obtained  Fe203,  P05  +4  aq.  and  Wittstein  subse- 
quently,  the  same  compound  + 8 aq.,  upon  mixing  sulphate  of  sesquioxide 
of  iron  with  phosphate  of  soda  in  excess  ; with  an  insufficient  quantity  of 
the  phosphate  of  soda,  the  latter  chemist  obtained  a more  yellowish  pre- 
cipitate,  which  had  the  formula 

3 (Fe203,  P05+8aq.)-f-(Fe203,  3 HO). 

When  an  acid  fluid  containing  a considerable  excess  of  phosphoric  acid, 
is  mixed  with  a small  portion  of  sesquioxide  of  iron,  and  afterwards  with  an 
alkaline  acetate,  a precipitate  is  formed,  havingthe  formula  2Fe203,3P05, 
3 HO  +10  aq. ; this  precipitate  leaves  upon  ignition  2Fe203,  3P05. 
(This  Statement  is  based  upon  an  analysis  made  by  Will  and  myself, 
,c  Annal.  d.  Chem.  u.  Pharm.  50,  379,”  and  subsequently,  at  a different 
period,  repeated  by  myself,  with  a freshly  prepared  salt.)  To  obtain  a pre- 
cipitate of  this  composition,  there  must,  of  course,  be  a considerable  excess 
of  phosphoric  acid  present.  Wittstein  obtained  simply  Fe203,P05,  upon 
the  precipitation  of  sulphate  of  sesquioxide  of  iron  with  phosphate  of 
soda,  in  presence  of  acetic  acid. 
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COM  POSITION. 

POs  = 892*041  = 71-36  = 47-16 

Fe203  = 1000-000  = 80-00  = 52-84 

1892-041  = 151-36  = 100-00 

3 P05  = 2676-12  = 214-08  = 57‘22 

2 Fe203  = 2000-00  = 160-00  = 42*78 

4676-12  = 374-08  = 100-00 

If  we  dissolve  phosphate  of  sesquioxide  of  iron  in  hydrochloric  acid,  su- 
persaturate  the  solution  with  ammonia,  and  apply  heat,  we  obtain  basic 
salts,  as  3 Fe203,  2 P05  ( Rammeisberg ) ; 2 Fe203,  POs  ( Wittstein — 
after  long  wrasbing).  In  Wittstein1  s experiment,  the  wasliing  fluid  con- 
tained  phosphoric  acid.  The  phosphate  of  sesquioxide  of  iron  does  not 
dissolve  in  acetic  acid,  but  it  dissolves  in  a solution  of  acetate  of  sesqui- 
oxide of  iron. 

Upon  boiling  the  latter  solution  (that  of  the  phosphate  of  sesquioxide  of 
iron  in  acetate  of  sesquioxide  of  iron),  the  whole  of  the  phosphoric  acid  pre- 
cipitates  as  hyperbasic  phosphate  of  sesquioxide  of  iron  (15  Fe203,  P05  — 
Rammeisberg),  in  conjunction  with  the  basic  acetate  of  sesquioxide  of  iron. 
The  hyperbasic  phosphate  of  sesquioxide  of  iron  is  invariably  obtained, 
mixed  with  free  hydrated  sesquioxide  of  iron,  upon  precipitating  with 
ammonia,  a solution  containing  phosphoric  acid  and  sesquioxide  of  iron, 
the  latter  in  excess.  The  precipitate  is  insoluble,  or,  more  correctly  speak- 
ing,  most  diflicultly  and  sparingly  soluble  in  water,  and  in  ammonia.  Sul- 
pliide  of  ammonium,  added  to  the  fluid  filtered  off  from  the  precipitate, 
imparts  to  that  fluid,  after  some  time  Standing,  a greenish  tint.  Upon 
washing  the  precipitate  with  cold  water,  the  latter  speedily  runs  off  yellow  ; 
this  coloration  is  still  more  marked  when  ammoniated  water  is  used. 

d.  Phosphate  of  binoxide  of  tin  is  never  obtained  in  the  pure  state  in 
the  analytical  process,  but  contains  always  an  admixture  of  hydrated  bin- 
oxide of  tin  in  excess,  which,  upon  ignition,  changes  to  anhydrous  bin- 
oxide of  tin.  It  has,  generally  speaking,  the  same  properties  as  the  pure 
binoxide  of  tin,  or,  previously  to  ignition,  as  the  hydrates  of  the  latter. 

e.  Tribasic  phosphate  of  silver  is  a powder  of  a rieh  yellow  color  ; it  is 
insoluble  in  water,  but  readily  soluble  in  nitric  acid,  and  also  in  am- 
monia. In  ammoniacal  salts,  it  is  diflicultly  soluble.  It  is  unalterable  in 
the  air.  Upon  ignition,  it  acquires  transiently  a reddish  brown  color  ; at 
an  intense  red  heat,  it  fuses  without  decomposition. 

COMPOS1TION. 

3 AgO  = 4348-98  = 347-91  = 82-98 
P05  = 892-04  = 71-36  = 17-02 


5241-02  = 419-27  = 100-00 
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f.  Pyrophosphate  of  silver  is  a white  powder,  unalterable  and  insoluble 
in  water,  even  upon  ebullition  ; but  readily  soluble  in  ammonia,  and  also 
in  nitric  acid.  It  is  unalterable  in  the  air.  Exposed  to  a heat  somewhat 
below  redness,  it  fuses,  without  decomposition,  to  a dark  brown  colored 
liquid,  which,  upon  cooling,  solidifies  to  a white  radiated  mass. 


COM  POSITION. 

2 AgO  = 2899-32  = 231-94  = 76-47 
b PO 6 = 892-04  = 71-36  = 23*53 

3791-36  = 303-30  = 100-00 


Ll.c 
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g.  Phosphate  of  suboxide  of  mercury.  This  combination  is  only  had 
recourse  to  for  the  purpose  of  effecting  the  Separation  of  phosphoric  acid 
from  many  bases,  after  II.  Rose' s method. 

Phosphate  of  suboxide  of  mercury  presents  the  appearance  of  a white 
crystalline  mass,  or  of  a white  powder.  It  is  insoluble  in  water,  but  dis- 
solves  in  nitric  acid.  The  action  of  a red  heat  converts  it  into  fused  phos- 
phate  of  oxide  of  mercury,  with  evolution  of  mercurial  fumes.  Fused 
in  conjunction  with  alkaline  carbonates,  it  yields  alkaline  phosphates  and 
mercurial  fumes,  which  escape. 

h.  Phospho-molybdate  of  ammonia.  This  combination  also  serves  to 
effect  the  Separation  of  phosphoric  acid  from  other  hodies ; it  is  of  the 
utmost  importance  in  this  respect. 

Phospho-molybdate  of  ammonia  forms  a rieh  yellow,  readily  subsiding 
precipitate  which,  according  to  Sonnenschein , has  the  following  compo- 
sition. 


c *74,  l, 
3 -mz 
3-  syo 
2~ 


Oxide  of  ammonium  and  water 
Phosphoric  acid 
Molybdic  acid  — . 


100-00 


In  the  pure  state,  it  dissolves  but  sparingly  in  cold  water ; but  it  is  so- 
luble in  hot  water.  It  is  readily  soluble  even  in  the  cold,  in  the  caustic,  and 
in  the  carbonates  and  phosphates  of  the  alkalies,  in  chloride  of  ammonium, 
and  in  oxalate  of  ammonia.  It  dissolves  only  sparingly  in  sulphate  of  am- 
monia, in  nitrate  of  potassa,  and  in  chloride  of  potassium  ; and  very 


sparingly  in  nitrate  of  ammonia. 

It  is  soluble  in  sulphate  of  potassa  and  sulphate  of  soda,  chloride  of  so- 
dium  and  chloride  of  magnesium,  sulphuric,  hydrochloric,  and  nitric  acids 
(strong  and  dilute).  Application  of  heat  does  not  check  the  solvent  action 
of  these  substances.  Presence  of  molybdate  of  ammonia  totally  changes 
the  deportment  of  the  phospho-molybdate  of  ammonia  with  solvents  : in 
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presence  of  that  substance,  the  latter  compound  is  almost  insoluble  in 
acids,  even  upon  ebullition.  The  solution  of  the  phospho-molybdate 
of  ammonia  in  acids  is  probably  attended,  in  all  cases,  with  decomposition 
and  with  Separation  of  the  molybdic  acid,  which  decomposition  and  Separa- 
tion the  presence  of  molybdate  of  ammonia  prevents.  ( J . Craw,  Cliem. 

Gaz.  1852.  216.) 

5.  BORACIC  ACID.  fri  e H 

Boracic  acid  is  usually  estimated  in  an  indirect  way.  Borate  of  y y.  ^ 

lead  is  the  only  form  which  interests  us  here. 

Borate  of  lead,  in  the  pure  state,  is  a white  pow-der,  difficultly  soluble 
in  water.  Upon  exposure  to  heat  it  fuses,  without  decomposition,  to  a 
clear  glass.  The  borate  of  lead  obtained  in  the  analytical  process  is  never 
pure,  but  always  contains  an  admixture  of  oxide  of  lead. 

6.  OXALIC  ACID. 

Oxalic  acid  is  usually  precipitated  in  the  form  of  oxalate  of  lime ; and 
its  weight  is  generally  inferred  from  the  carbonate  of  lime  produced 
from  the  oxalate  by  ignition.  For  the  properties,  &c.,  of  carbonate  of  lime 
and  of  oxalate  of  lime,  see  § 52. 


7.  HYDROFLUORIC  ACID. 

The  direct  estimation  of  hydrofluoric  acid  is  uniformly  efifected  by  weigh- 
ing  that  acid  in  the  form  of  fluoride  of  calcium. 

Fluoride  of  calcium  forms  a gelatinous  precipitate  which  it  is  found 
difficult  to  wash.  If  digested  with  ammonia,  previously  to  filtration,  it  is 
rendered  denser  and  less  gelatinous.  It  is  wholly  insoluble  in  water  and  also 
in  aqueous  Solutions  of  the  alkalies.  It  is  very  slightly  soluble  in  dilute, 
but  more  readily  in  concentrated  hydrochloric  acid.  When  acted  upon 
by  sulphuric  acid,  it  is  decomposed,  and,  its  elements  transposing  with 
those  of  the  decomposing  acid,  sulphate  of  lime  and  hydrofluoric  acid  are 
formed.  Fluoride  of  calcium  is  unalterable  in  the  air,  and  at  a red  heat. 
Ileated  to  very  intense  redness,  it  fuses.  Mixed  with  cliloride  of  ammo- 
nium,  and  exposed  to  a red  heat,  fluoride  of  calcium  sufifers  a loss  of  weight ; 
but  the  decomposition  is  incomplete. 


COMPOSITION. 

Ca  = 250-0  = 20  = 51 -28 
Fl  = 237-5  = 19  = 48-72 

487-5  = 39  = 100-00 


8.  CARBONIC  ACID. 

The  direct  estimation  of  carbonic  acid  is  usually  effected  by  weighing 
that  acid  in  the  form  of  carbonate  of  lime.  For  the  properties  of 
the  latter  substance,  see  § 52. 
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8.  SILICIC  ACID. 

Silicic  acid  is  uniformly  weighed  in  its  insoluble  modification. 

The  insoluble  modification  of  silicic  acid,  artificially  prepared,  is  a white 
powder,  insoluble  in  water  and  in  acids,  but  soluble  in  solution  of  potassa 
and  in  Solutions  of  the  carbonates  of  the  fixed  alkalies.  It  is  perfectly 
unalterable  in  the  air,  and  at  a red  heat,  and  requires  the  very  highest 
degrees  of  lieat  for  its  fusion.  It  does  not  affect  vegetable  colors. 

Upon  evaporating  a solution  of  the  soluble  modification  of  silicic  acid 
in  water,  or  in  any  volatile  acid  (hydrofluoric  acid  excepted),  we  obtain  the 
silicic  acid  at  first  as  a gelatinous  hydrate ; this  upon  drying  in  the  air, 
loses  part  of  its  water,  and  is  converted  into  3 Si02,  HO  ; dried  at  212°, 
it  changes  to  4 Si02,  HO  (/.  Fuchs).  This  latter  compound  presents 
the  appearance  of  a loose  white  powder ; upon  exposure  to  a red  heat 
it  loses  the  whole  of  its  water  ; the  escaping  aqueous  vapor  is  apt  to  carry 
up  with  it  particles  of  the  exceedingly  fine  powder. 

Artificially  prepared  silicic  acid,  when  exposed  to  a red  heat,  mixed  with 
cliloride  of  ammonium,  loses  at  first  in  weight ; but  after  a time,  when 
the  action  of  the  heat  has  given  greater  density  to  the  acid,  this  loss  is 
completely  checked. 

COM  POSITION . 

Si  = 185-18  = 14-81  = 48-08 
20  = 200-00  = 16-00  = 51-92 

[385*18  = 30-81  = 100-00 

The  gelatinous  (but  not  the  pulverulent)  hydrate  of  silicic  acid  is  slightly 
soluble  in  water,  and  in  hydrochloric  acid.  One  part  of  the  gelatinous 
hydrate  dissolves  in  7700  parts  of  water;  in  11000  parts  of  cold,  and 
5500  parts  of  boiling  hydrochloric  acid  of  1*1 15  sp.  gr.  (/.  Fuchs.) 

ACIDS  OF  THE  SECOND  GROUP. 

§ 73. 

1.  HYDROCHLORIC  ACID. 

Hydrochloric  acid  is  almost  uniformly  determined  in  the  form  of  Chlo- 
ride of  silver.  For  the  properties  of  which  compound,  see  § 61. 

2.  HYDROBROMIC  ACID. 

Hydrobromic  acid  is  uniformly  determined  in  the  form  of  bromide  of 
silver. 

Bromide  of  silver , prepared  in  the  humid  way,  forms  a yellowish 
white  precipitate.  It  is  wholly  insoluble  in  water,  and  in  nitric  acid,  but 
tolerahly  soluble  in  ammonia ; it  dissolves  in  hot  solution  of  cliloride  of 
ammonium,  but  very  sparingly  in  solution  of  nitrate  of  ammonia.  When 
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acted  npon  by  chlorine,  either  in  the  dry,  or  in  the  humid  way,  it 
is  decomposed,  chloride  of  silver  'being  formed,  with  Separation  of  bro- 
mine. Exposed  to  the  light,  it  gradually  turns  gray,  and  finally  black. 
Under  the  influence  of  lieat,  it  fuses  to  a reddish  liquid,  which,  upon  cool- 
ing,  solidifies  to  a yellow  horn-like  mass.  Brought  into  contact  with  zinc 
and  water,  bromide  of  silver  is  decomposed : a spongy  mass  of  metallic 
silver  subsides,  and  the  solution  contains  bromide  of  zinc. 

COMPOSITION. 

Ag  = 1349-66  = 107*97  = 57- 46 
Br  = 999-62  = 79  97  = 42-54 

2349-28  = 187-94  = 100-00 

3.  Hydriodic  ACID. 

Hydriodic  acid  is  usually  determined  in  the  form  of  iodide  of  silver, 
and  occasionally  also  in  that  of  iodide  of  Palladium. 

a.  Iodide  of  silver,  produced  in  the  humid  way,  forms  a bright  yellow 
precipitate,  insoluble  in  water  and  in  dilute  nitric  acid,  and  very  slightlv 
soluble  in  ammonia.  It  is  decomposed  by  chlorine,  both  in  the  dry  and  in 
the  humid  way.  Hot  concentrated  nitric,  and  sulphuric  acids  convert  it,  but 
with  some  difficulty,  into  the  corresponding  nitrate  and  sulpliate  of  silver, 
with  expulsion  of  the  iodine.  Iodide  of  silver  acquires  a black  color 
when  exposed  to  the  light.  When  heated,  it  fuses  without  decomposition 
to  a reddish  fluid  which,  upon  cooling,  solidifies  to  a yellow  mass  that  may 
be  cut  with  a knife.  When  brought  into  contact  with  zinc  and  water,  it 
is  decomposed : iodide  of  zinc  is  formed,  and  metallic  silver  separates. 

COMPOSITION. 

Ag  = 1349-66  = 107-97  = 45-98 
I = 1586-00  = 126-88  = 54-02 

2935-66  = 234-85  = 100-00 

b.  The  protiodide  of  palladium,  produced  by  precipitating  a solution  of 
the  iodide  of  one  of  the  fixed  alkalies,  with  protochloride  of  palladium,  is  a 
dcep  brownish-black  flocculent  mass,  insoluble  in  water,  and  in  dilute  liydro- 
chloric  acid,  but  slightly  soluble  in  sahne  Solutions  (solution  of  chloride 
of  sodium,  chloride  of  magnesium,  chloride  of  calcium,  <S:c.)  It  is  unal- 
terable  in  the  air.  Dried  simply  in  the  air,  it  retains  one  equivalent  of 
water=5"05  per  cent.  Dried  long  in  vacuo,  or  at  a high  temperature 
(158°  to  176°),  it  yields  up  the  whole  of  tliis  water,  without  the  least  loss 
of  iodine.  Dried  at  212°,  it  loses  a trace  of  iodine  ; at  from  572°  to  752°, 
the  whole  of  the  iodine  is  expelled.  The  precipitated  iodide  of  palladium 
may  be  washed  with  hot  water,  without  loss  of  iodine. 

k 2 
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C'OMPOSITION. 

Pd  = 665-48  = 53-24  = 29*5/ 

I = 1586-00  = 126-88  = 70-43 

2251-48  = 180-12  = 100-00 

4.  HYDROCYANIC  ACID. 

The  direct  estimatiou  of  hydrocyanic  acid  is  uniformly  effected  by 
weighing  that  acid  in  the  form  of  cyanide  of  silver — for  the  properties  of 
which  compound,  see  § 61. 

5.  HYDROSULPHURIC  ACID. 

Sulphuretted  hydrogen . 

The  forms  into  which  sulphuretted  hydrogen,  or  the  sulphur  in  metallic 
sulphides  is  converted  for  the  purpose  of  quantitative  estimation,  are 

TF.RSUt.PH IDE  OF  ARSENIC,  and  SULPHATE  OF  BARYTA. 

(i.  Tersulphide  of  arsenic — see  § 71. 

b.  Sulphate  of  baryta — see  § 50. 

ACIDS  OF  THE  THIRD  GROUP. 

§ 74.  . 

1.  nitric  acid  ; and  2.  CHLORIC  acid. 

These  two  acids  are  estimated  invariably  in  an  indirect  way.  We  liave, 
in  the  preceding  paragraphs,  liad  occasion  already  to  treat  of  those 
compounds  which  serve  for  the  indirect  quantitative  estimation  of  nitric 
acid  and  of  chloric  acid. 


SECTION  IV. 

In  the  preceding  section,  we  have  examined  the  composition  and  pro- 
perties of  the  various  appropriate  forms  and  combinations  in  which  sub- 
stances  are  separated  from  others,  or  in  which  tlieir  weiglit  is  estimated. 
We  have  now  to  consider  the  means  of  converting  substances  into  such 
forms  and  combinations. 

For  the  sake  of  greater  clearness  and  simplicity,  we  will  divide  tliis  part 
of  the  work  into  two  sections,  confining  ourselves,  in  the  first,  to  the  expo- 
sition  of  the  various  methods  applied  to  effect  the  quantitative  estimation 
of  substances,  and  deferring  to  the  next  section  the  consideration  of  the 
means  best  adapted  for  the  Separation  of  substances  from  one  another. 
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QUANTITATIVE  DETERMINATION  OE  SUBSTANCES. 

§ 75. 

We  liave  to  deal  liere  exclusively  with  compounds  consistiug  o i one  base 
and  one  acid,  or  of  one  inetal  and  one  metalloid. 

In  the  quantitative  estimation  of  substances,  we  have  to  study  two 
points,  viz.,  first,  the  most  appropriate  mariner  of  dissolving  the  analysed 
substance,  either  in  its  isolated  state,  or  in  its  various  combinations, — its 
solution  ; and  secondly,  the  methods  best  adapted  to  convert  the 
analysed  substance  into  a ponderable  form, — the  Determination  of 
its  weight. 

With  regard  to  the  latter  point,  we  have  to  turn  our  attention,  1,  to  the 
practical  performance  of  the  several  processes  and  operations  constituting 
the  special  method,  or  methods  applied  in  every  individual  case  ; and  2,  to 
the  greater,  or  less  degree  of  accuracy  attained  respectively  by  the  several 
methods  applied. 

It  happens  very  rarely  in  quantitative  analyses  that  the  amount  of  a 
substance,  as  determined  by  the  analytical  process,  corresponds  exactly 
with  the  amount  theoretically  calculated. 

The  cause  of  this  almost  invariably  occurring  discrepancy  between  the 
proportion  calculated  and  that  actually  found,  is  to  he  ascribed  either  ex- 
clusively to  certain  unavoidable  defects  inherent  in  the  execution  of  the 
necessary  processes  and  operations , or  it  lies  partly  in  the  method  itself. 

With  regard  to  the  execution  of  the  analytical  processes  and  operations, 
this  can  never  be  absolutely  accurate,  even  thougli  the  greatcst  care  and 
attention  be  bestowed  on  the  most  trifling  minutiee.  To  account  for  this, 
we  need  only  bear  in  mind  that  our  weights  and  measures  are  never  abso- 
lutely correct,  nor  our  balances  absolutely  accurate,  nor  our  reagents 
absolutely  pure,  and  moreover,  that  we  do  not  weigh  in  vacuo  ; and  that, 
even  if  we  deduce  the  weight  we  might  expect  to  obtain  by  weighing  in 
vacuo,  from  the  weight  we  actually  obtain  by  weighing  in  the  air,  we  can 
only  approximate,  but  never  attain  absolutely  accurate  figures ; — that  the 
hygroscopic  state  of  the  air  is  liable  to  vary  between  the  moment  of  weigh- 
ing the  crucible  whilst  empty,  and  that  of  weighing  the  crucible  after 
having  introduced  into  it  the  substance  to  be  analysed ; — that  we  know 
the  weight  of  the  ashes  of  our  Alters  only  approximately  ; — that,  upon  the 
evaporation  of  many  fluids,  traces  of  salts  will  volatilize,  which,  in  their 
solid  state,  are  considered  pcrfectly  fixed  ; — that  absolute  perfection  cannot 
be  attained  in  the  Operation  of  washing  and  rinsing ; — that  we  can  never 
succeed  in  sheltering  the  contents  of  dishes  and  crucibles,  &c.,  absolutely 
from  dust,  &c.,  &c. 

With  regard  to  the  methods,  many  of  them  are  not  entirely  free  from 
certain  unavoidable  sources  of  error  ; — precipitates  arc  not  absolutely  in- 
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soluble,  compounds  which  require  ignition  are  not  absolutely  fixed,  others 
whicli  require  drying,  have  a slight  tendency  to  volatilize,  &c.,  &c. 

Strictly  speaking,  no  method  can  be  pronounced  quite  free  from  defect ; 
it  should  be  borne  in  mind,  for  example,  tliat  even  sulphate  of  baryta  is 
not  absolutely  insoluble  in  water. 

We  have,  therefore,  in  our  analytical  processes,  invariably  to  contend 
against  certain  sources  of  inaccuracy  which  it  is  impossible  to  overcome 
entirely,  even  though  our  operations  be  conducted  with  the  most  scrupulous 
care  and  with  the  utmost  attention  to  established  rules.  It  will  be  readily 
understoodj  that  several  defects  and  sources  of  error  may,  in  some  cases, 
combine  to  vitiate  the  results,  whereas,  in  other  cases,  they  may  compensate 
one  another,  and  thus  enable  us  to  attain  a higher  degree  of  accuracy.  The 
comparative  accuracy  of  the  results  attainable  by  an  analytical  method, 
oscillates  between  two  points,  or  limits,  fixed  respectively  on  either  side  of 
the  point  of  absolute  accuracy.  In  the  case  of  methods  relatively  free 
from  defects  and  sources  of  error,  these  limits  will  closely  approximate  the 
medium  point  of  absolute  accuracy ; tbus,  for  instance,  in  the  quantitative 
estimations  of  chlorine,  a careful  operator  will  always  be  able  to  obtain  be- 
tween 99' 9 and  lOO'l,  for  the  100  parts  of  chlorine  theoretically  calculated. 

Less  perfect  methods  will,  of  course,  exhibit  far  greater  discrepancies  ; 
thus,  in  the  estimation  of  strontia,  the  most  attentive  and  skilful  operator 
may  not  be  able  to  obtain  more  than  99'0  (and  even  less)  for  the  100 
parts  of  strontia  theoretically  calculated.  I may  here  incidentally  state, 
that  the  numbers  occasionally  given  in  this  manner  in  the  further  course  of 
the  present  work  to  denote  the  respective  and  relative  accuracy  of  certain 
methods,  refer  invariably  to  the  substance  estimated  (chlorine,  nitrogen, 
baryta),  and  not  to  the  forms  and  combinations  in  which  that  substance 
may  happen  to  be  weighed  (chloride  of  silver,  bichloride  of  platinum  and 
chloride  of  ammonium,  sulphate  of  baryta). 

The  occasional  attainment  of  results  exactly  corresponding  with  the 
numbers  calculated,  does  not  always  justify  the  assumption,  on  the  part  of 
the  analyst,  that  his  operations,  to  have  led  to  such  a result,  must  have 
been  conducted  with  the  utmost  precision  and  accuracy.  It  may  sometimes 
happen,  in  the  course  of  the  analytical  process,  that  one  error  serves  to 
compensate  another  ; thus,  for  instance,  the  analyst  may,  at  the  commence- 
ment  of  his  operations,  spill  a minute  portion  of  the  substance  to  be 
analyzed ; whilst,  at  a later  stage  of  the  process,  he  may  recover  the  loss 
by  an  imperfect  wasliing  of  the  precipitates.  As  a general  rule,  results 
showing  a trifling  deficiency  of  substance,  may  be  looked  upon  as  better 
proof  of  accurate  performance  of  the  analytical  process,  than  results  ex- 
liibiting  an  excess  of  substance. 

As  not  the  least  effective  means  of  guarding  against  error  and  inaccu- 
racies,  I would  most  strongly  recommend  the  Student  always  carefully  to 
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mark  the  appearance  and  properties  of  the  weighed  substance,  and  to  com- 
pare  them  with  those  which  that  substance  ought  to  ex/dbit,  and  wliich 
have  been  amply  described  in  the  preceding  section. 

In  my  own  laboratory  I insist  upon  all  substances  that  are  weighed  in 
the  course  of  an  analysis,  being  kept  between  watch-glasses,  until  the  whole 
process  is  concluded.  This  affords  always  a chance  of  testing  them  once 
more  for  some  admixture,  or  impurity,  of  which  the  presence  may  become 
suspected  in  the  after-course  of  the  process. 


I.  QUANTITATIVE  ESTIMATION  OF  BASES  IN  COMPOUNDS  CONTAINING 

ONLY  ONE  BASE  AND  ONE  ACID,  OR  ONE  METAL  AND  ONE  METALLOID. 

0 

FIRST  GROUP. 

POTASSA SODA — OXIDE  OF  AMMONIUM  (AMMONIA). 

§ 76. 

1.  POTASSA. 

a.  Solution. 

Potassa  and  its  salts  with  those  inorganic  acids  which  we  have  to  con- 
sider  here,  are  dissolved  in  water,  in  which  menstruum  they  dissolve 
readily,  or  at  all  events,  pretty  readily. 

Potassa  salts  with  organic  acids,  are  first  converted  into  carbonate  of 
potassa  by  continued  ignition  in  covered  crucibles. 

b.  Quantitative  estimation. 

Potassa  is  weighed  either  as  sulphate  of  potassa,  or  nitrate  of  potassa,  or 
as  chloride  of  potassium,  or  bichloride  of  platinum  and  chloride  of  po- 
tussium  (see  § 47). 

We  may  convert  into 

1.  SULPHATE  OF  POTASSA. 

Salts  of  potassa  with  strong  volatile  acids  ; e.  g.  chloride  of  potassium, 
bromide  of  potassium,  nitrate  of  potassa,  &c. 

2.  NITRATE  OF  POTASSA. 

Caustic  potassa,  and  compounds  of  potassa  with  weak  volatile  acids,  that 
are  not  decomposed  by  nitric  acid  ; e.  g.  carbonate  of  potassa  (salts  of  po- 
tassa with  organic  acids). 

3.  CHLORIDE  OF  POTASSIUM. 

In  general,  salts  of  potassa  with  weak  volatile  acids,  that  are  decomposed 
by  nitric  acid  ; e.  g.  sulphide  of  potassium. 

Also,  and  more  especially,  sulphate,  chromate,  chlorate,  and  silicate  of 
potassa. 

4.  BICHLORIDE  OF  PLATINUM  AND  CHLORIDE  OF  POTASSIUM. 

Salts  of  potassa  with  non-volatile  acids  soluble  in  alcohol ; e.  g.  phosphate 
of  potassa,  and  borate  of  potassa. 

The  potassa  in  the  borate  of  that  alkali  may  be  determined  also  as  sul- 
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phate  (§  107);  and  the  potassain  the  phosphate,  as  chloride  of  potassium 
(§  106). 

Tlie  form  of  bicliloride  of  platinum  and  chloride  of  potassium  may  also 
he  resorted  to  in  general,  for  the  quantitative  estimation  of“  the  potassa  in 
all  salts  of  tliat  alkali  with  acids  soluble  in  alcohol.  This  form  is,  moreover, 
of  especial  importance  liere,  as  tliat  in  which  the  Separation  of  potassa 
from  soda,  &c.,  is  effected. 

1 . Determination  as  sulphate  of  jjotassa. 

Evaporate  the  aqueous  solution  of  the  sulphate  of  potassa  to  dryness, 
ignite  the  residue  in  a platinum  crucible,  or  a platinum  dish,  and  weigh 
(§  25).  Tjje  residue  must  be  tlioroughly  dried  first,  before  you  proceed 
to  ignite  it ; the  heat  applied  for  the  latter  purpose  must  be  moderate  at 
first,  and  very  gradually  increased  to  the  requisite  degree  ; the  crucible  or 
dish  must  be  kept  well  covered — neglect  of  these  precautionary  rules  in- 
volves  always  a loss  of  substance  from  decrepitation.  If  free  sulphuric 
acid  happens  to  be  present,  we  obtain,  upon  evaporation,  bisulphate  of 
potassa ; in  such  cases  the  excess  of  sulphuric  acid  is  to  be  removed  by 
addition  of  carbonate  of  ammonia. — See  § 47. 

For  properties  of  the  residue,  see  § 47. — Observe  more  particularly  that 
the  residue  must  dissolve  to  a clear  fluid,  and  that  the  solution  must  be 
neutral.  Should  traces  of  platinum  remain  behind,  these  must  be  care- 
fully  weighed,  and  their  weight  subtracted  from  that  of  the  ignited  residue. 

With  proper  care  and  attention  this  method  gives  accurate  results. 

To  convert  the  salts  above  mentioned,  chloride  of  potassium,  &c.,  into 
sulphate  of  potassa,  add  to  their  aqueous  solution  a quantity  of  pure 
sulphuric  acid  more  than  sufficient  to  saturate  the  wliole  of  the  potassa, 
evaporate  the  solution,  and  ignite  the  residue. 

As  the  expulsion  of  a large  quantity  of  hydrated  sulphuric  acid  is 
a very  disagreeable  proeess,  you  liad  better  avoid  adding  too  great  an 
excess  of  it.  Should  you  have  used  too  little  of  the  acid,  which  you 
will  learn  from  the  cessation  of  the  disengagement  of  hydrated  sulphuric 
acid  fumes  towards  the  end  of  the  proeess  of  ignition,  you  need  simply 
moisten  the  residue  with  dilute  sulphuric  acid,  evaporate,  and  ignite 
again.  If  you  have  to  deal  with  a small  quantity  only  of  chloride  of 
potassium,  &c.,  you  may  at  once  proceed  to  treat  the  dry  salt,  cautiously, 
with  dilute  sulphuric  acid  in  the  platinum  crucible,  provided  always  the? 
latter  be  capacious  enough  ; in  the  case  of  bromide  of  potassium,  and  iodide 
of  potassium,  the  use  of  platinum  vessels  must  be  avoided. 

2.  Determination  as  nitrate  of  potassa. 

General  method  the  same  as  described  sub  1 . Nitrate  of  potassa  must 
be  heated  very  gently  to  the  fusing  point,  otherwise  some  loss  is  likely  to 
arise  from  evolution  of  oxygen. 

For  properties  of  the  residue,  sec  § 47. — The  method  is  easy,  the  results 
are  accurate. 
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In  the  conversion  of  carbonate  of  potassa  into  the  nitrate,  § 2 1 must  be 
consulted. 

3.  Determination  as  chloride  of  potassium. 

General  method  the  same  as  described  sub  1 . The  residue  of  chlo- 
ride of  potassium  must  be  thoroughly  dried,  before  you  proceed  to  ignite 
it.  The  Operation  must  be  conducted  in  a well  covered  crucible,  and  witlx 
the  application  of  a moderate  red  heat  otherwise  loss  is  likely  to 
arise  from  volatilization.  No  particular  regard  need  be  had  to  the  pre- 
sence  of  free  acid.  For  properties  of  the  residue,  see  § 47.  This  method 
if  properly  and  carefully  executed,  gives  acccurate  results.  The  potassa 
in  the  carbonate  of  that  alkali,  is,  as  stated  above,  generally  determined 
in  the  form  of  nitrate  of  potassa.  Ilowever,  as  the  residue  of  carbonate  of 
potassa  which  remains  in  the  crucible  upon  the  ignition  of  potassa  salts 
with  organic  acids,  is  apt  to  effervesce  in  the  process  of  its  conversion  into 
nitrate,  which  effervescence  it  is  often  desirable  to  avoid,  the  carbonate  of 
potassa  may  be  determined  in  the  form  of  chloride  of  potassium,  instead 
of  that  of  nitrate  of  potassa.  The  conversion  of  the  carbonate  into  chloride 
of  potassium  is  effected  by  treating  the  former  with  solution  of  chloride  of 
ammonium,  slightly  in  excess,  evaporating  the  mixture,  and  igniting  the 
residue,  when  carbonate  of  ammonia  and  the  excess  of  chloride  of  ammo- 
nium will  escape,  leaving  chloride  of  potassium  behind. 

The  methods  of  Converting  into  chloride  of  potassium,  the  potassa  Com- 
pounds specified  sub  3,  will  be  found  in  Part  II.  of  this  section,  under  the 
respective  heads  of  the  acids  with  which  they  are  formed. 

Determination  as  bichloride  of  platinum  and  chloride  of  potassium. 

a.  Salts  of  potassa  with  volatile  acids  (nitric  acid,  acetic  acid,  &c.). 

Mix  the  solution  with  hydrochloric  acid,  add  bichloride  of  platinum  in 
excess,  and  evaporate  in  a porcelain  dish,  in  the  water  bath,  nearly  to  dry- 
ness.  Add  to  the  residue  spirits  of  wine  of  about  80  per  cent.  ; let  it 
stand  for  some  time,  and  then  put  the  bichloride  of  platinum  and  chloride 
of  potassium,  which  remains  undissolved,  upon  a weighed  filter  (which 
may  be  readily  done  by  means  of  a washing  bottle  filled  with  spirits  of 
wine).  Wash  with  spirits  of  wine,  dry  at  212°,  and  weigh  (§  33). 

ß.  Potassa  salts  with  non-volatile  acids,  phosphoric  acid,  boracic  acid, 
&c. 

Make  a concentrated  solution  of  the  salt  in  water,  add  hydrochloric  acid 
and  bichloride  of  platinum  in  excess,  mix  with  a considerable  por- 
tion  of  the  strongest  alcohol,  let  the  mixture  stand  24  hours  ; after  which 
filter,  and  proceed  as  directed  sub  a.  For  properties  of  the  preci- 
pitate,  see  § 47.  The  method,  if  properly  and  carefully  executed, 
yields  satisfactory  results.*  Still  there  is  generally  a trifling  loss  of  sub- 

* The  atmosphere  of  a laboratory  is  very  apt  to  be  more  or  less  strongly  ammoniacal. 
This  is  a circumstance  of  some  importance,  and  which  must  not  be  lost  sight  of  in  tliis  process, 
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stance,  bichloride  of  platinum  and  chloride  of  potassium  not  being  abso- 
lutely  insoluble  even  in  strong  alcohol.  In  accurate  analysis,  therefore,  the 
rinsings  must  be  evaporated  in  tlie  water  bath,  and  the  residue  treated 
once  more  with  rectified  spirits  of  wine.  A trifling  additional  amount  of 
bichloride  of  platinum  and  chloride  of  potassium  is  tlius  obtained,  wliicli 
is  to  be  collected  on  a separate  small  filter,*  and  determined  as  platinum, 
in  the  manner  bere  subjoined. 

Dry  tbe  salt  on  the  filter,  and  then  put  tlie  latter,  with  the  salt  wrapped 
up  in  it,  into  a platinum  crucible.  Cover  the  crucible,  and  let  the  filter 
slowly  char  ; remove  the  cover  now,  bum  the  carbon  of  tbe  filter,  and  let  the 
crucible  get  cold.  Put  now  a very  minute  portion  of  pure  oxalic  acid  into  the 
crucible,  cover,  and  ignite  gently  at  first,  finally  to  a strong  red  heat.  The 
addition  of  the  oxalic  acid  greatly  promotes  tlie  complete  decomposition  of 
the  bichloride  of  platinum  and  chloride  of  potassium,  which  cannot  well  be 
effected  by  simple  ignition.  Treat  now  the  contents  of  the  crucible  with 
water,  and  wash  the  residuary  platinum,  until  the  last  rinsings  remain  clear 
upon  addition  of  solution  of  nitrate  of  silver.f  Dry  the  residuary  platinum, 
ignite,  and  weigh.  One  equivalent  of  platinum  represents  one  equivalent 
of  potassium. 

§ 77. 

2.  SODA. 

a.  Solution. 

See  § 76,  a. — Solution  of  potassa— all  the  directions  given  in  tliat  place 
applying  equally  to  the  solution  of  soda  and  its  salts. 

b.  Determination  of  weight. 

Soda  is  determined  either  as  sulphate  of  soda,  or  nitrate  of  soda , or  as 
chloride  of  sodium,  or  as  carbonate  of  soda  (§  48). 

We  may  convert  into 

1.  SULPHATE  OF  SODA;  2.  NITRATE  OF  SODA;  3.  CHLORIDE  OF 

SODIUM. 

In  general  the  salts  of  soda,  corresponding  to  the  salts  of  potassa,  spe- 
cified  under  the  same  heads  in  § 76. 

4.  CARBONATE  OF  SODA. 

Caustic  soda,  bicarbonate  of  soda,  and  salts  of  soda  with  organic  acids. 

since,  if  the  influence  of  an  atmosphere  of  this  kind  be  not  properly  guarded  against,  bichloride 
of  platinum  and  chloride  of  ammonium  may  form,  which  would  tend  to  make  the  weight  of 
the  bichloride  of  platinum  and  chloride  of  potassium  appear  greater  than  it  realiy  is. 

* As  the  collecting  a precipitate  upon  a weighed  filter  is  a rather  tedious  process,  and 
besides,  not  over  accurate,  where  we  have  to  deal  with  minute  quantities  of  substance,  it  is 
better  to  collect  trifling  portions  (up  to  about  0'03  gnn.)  of  bichloride  of  platinum  and 
chloride  of  potassium,  upon  a very  small  unueighcd  filter. 

t The  washing  of  the  residuary  platinum  may  generally  be  effected  by  simple  affusion  and 
decantation. 
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In  the  borate  of  soda  the  alkali  is  estimated  as  sulpliateof  soda  (§  107)  ; 
in  the  phosphate  as  Chloride  of  sodium  (§  106). 

Salts  of  soda  with  organic  acids  are  determined  either,  like  the  corre- 
sponding  potassa  compounds,  as  chloride  of  sodium,  or  as  nitrate  of  soda, 
or  finally,  and  in  preference,  as  carbonate  of  soda,  wliich  latter  method  is 
not  well  adapted  to  salts  of  potassa. 

1.  Determination  as  sulphate  of  soda. 

Evaporate  the  aqueous  solution  of  the  sulphate  to  dryness,  ignite  the 
residue  in  a covered  platinum  crucible,  and  weigh  (§  25).  The  process 
does  not  involve  any  risk  of  loss  from  decrepitation,  as  in  the  case  of  sul- 
phate of  potassa.  If  free  sulphuric  acid  happens  to  be  present,  this  is 
removed  bv  means  of  carbonate  of  ammonia,  in  the  same  way  as  in  the 
case  of  sulphate  of  potassa  (§  48  and  76). 

With  regard  to  the  conversion  of  chloride  of  sodium,  &c.,  into  sulphate 
of  soda,  see  § 76,  b.  1. — For  properties  of  the  residue,  see  § 48.  The 
method  is  easy  and  gives  accurate  results. 

2.  Determination  as  nitrate  ofsoda. 

Same  method  as  described  sub  1.  The  rules  given  and  the  observations 
made  in  § 76,  b.  2,  apply  equally  here.  For  properties  of  the  residue — 
see  § 48. 

3.  Determination  as  chloride  of  sodium. 

Same  method  as  described  sub  1.  The  rules  given  and  the  observa- 
tions made  in  § 76,  b.  3,  apply  equally  here.  For  properties  of  the  re- 
sidue, see  § 43. 

The  methods  of  converting  the  sulphate,  chromate,  chlorate,  and  silicate 
of  soda,  into  chloride  of  sodium,  will  be  found  in  Part  II.  of  this  section, 
under  the  respective  heads  of  the  acids  with  which  these  salts  are  formed. 

4.  Determination  as  carbonate  of  soda. 

Evaporate  the  aqueous  solution,  ignite  the  residue,  and  weigh.  The 
results  are  perfectly  accurate.  For  properties  of  the  residue — see  § 48. 

Caustic  soda  is  converted  into  the  carbonate  by  adding  to  its  aqueous 
solution  carbonate  of  ammonia  in  excess,  evaporating  at  a gentle  heat,  and 
igniting  the  residue. 

The  bicarbonate  of  soda,  if  in  the  dry  state,  is  converted  into  the  simple 
carbonate,  by  ignition.  The  heat  must  be  verv  gradually  increased,  and 
the  crucible  kept  well  covered  ; if  in  aqueous  solution,  the  latter  is  evapo- 
rated  to  dryness  in  a capacious  silver  or  platinum  dish,  and  the  residue 
ignited. 

Salts  of  soda  with  organic  acids  are  converted  into  the  carbonate  by 
ignition  in  a covered  platinum  crucible,  from  which  the  lid  is  removed 
after  a time.  The  heat  must  be  increased  very  gradually.  Wlren  the 
mass  lias  ceased  to  swell,  the  crucible  is  placed  obliquely,  with  the  lid 
leaning  against  it  (see  § 35,  Fig.  37),  and  a dull  red  heat  is  applied  until 
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the  carbon  is  consumed  as  far  as  practicable.  The  contents  of  the 
crucible  are  then  lieated  witb  water,  and  the  fluid  is  filtered  off  from  the 
residuary  carbon  which  is  carefully  washed.  The  filtrate  and  rinsiugs 
are  evaporated  to  dryness ; the  residue  is  ignited  and  weighed.  If  the 
quantity  of  carbon  happens  to  be  very  trifling  (a  few  milligrammes),  the 
crucible  may  be  weighed  at  once  with  its  contents  after  the  process  of 
ignition,  the  weight  of  the  carbon  being  subsequently  deducted  from  the 
resulting  numbers.  For  this  purpose  the  carbon  is  collected  on  a small 
weighed  Alter,  carefully  dried  with  the  latter  and  weighed.  Both  methods 
give  accurate  results,  provided,  of  course,  they  be  properly  and  carefully 
executed.  The  direct  experiment  (No.  55),  performed  after  the  latter 
method,  gave  99*7  instead  of  100  parts  of  soda.  If,  however,  the  quantity 
of  carbon  exceeds  from  10  to  20  milligrammes,  the  former  method  is 
preferable,  being  less  liable  to  errors  in  weighing. 


§ 78. 

3.  oxide  of  Ammonium  ( Ammonia ). 

a.  Solution. 

Ammonia  is  soluble  in  water,  and  so  are  all  its  salts,  with  those  acids 
which  claim  our  attention  here.  It  is  not  always  requisite,  however,  to 
dissolve  the  ammoniacal  salts  for  the  purpose  of  determining  the  amount 
of  ammonia  contained  in  thern. 

b.  Determination  of  weight. 

Ammonia  is  weighed  either  in  the  form  of  chloride  of  ammonium , or  in 
that  of  bichloride  of  platinum  and  chloride  of  ammonium.  Into  these 
forms  it  may  be  converted  either  directly  or  indirectly,  i.  e.,  after  previous 
expulsion  as  ammonia,  and  re-combination  with  an  acid.  Ammonia  is 
also  frequently  determined  by  analysis  by  measure,  or  its  quantity  is  in- 
ferred,  though  rarely,  from  the  volume  of  nitrogen  (§  49). 

We  convert  directly  into 

1.  CHLORIDE  OF  AMMONIUM. 

Caustic  ammonia  and  ammonia  in  aqueous  solution,  and  also  ammonia- 
cal salts  with  weak  volatile  acids  (carbonate  of  ammonia,  sulpliide  of 
ammonium,  &c.). 

2.  BICHLORIDE  OF  PLATINUM  AND  CHLORIDE  OF  AMMONIUM. 

Ammoniacal  salts  with  acids  soluble  in  alcohol,  such  as  sulphate  of 
ammonia,  phospliate  of  ammonia,  &c. 

3.  The  methods  based  on  the  expulsion  of  the  ammonia  from  its 
compounds,  and  also  that  of  inferring  the  amount  of  ammonia  from  the 
volume  of  nitrogen,  are  equally  applicable  to  all  ammoniacal  salts. 

The  expulsion  of  ammonia  in  the  dry  way,  by  ignition  in  conjunction 
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with  soda-lime,  and  tlie  estimation  of  that  alkali  from  the  volume  of 
nitrogen,  being  effected  exactly  in  the  same  manner  as  the  estimation  of 
the  nitrogen  in  organic  Compounds,  I refer  the  Student  on  this  subject  to 
the  section  on  organic  elementarv  analysis.  Here  I shall  only  give  the 
method  based  upon  the  expulsion  of  ammonia  in  the  humid  way. 

1.  Determination  as  chloride  of  ammonium. 

Evaporate  the  acpieous  solution  in  the  water-bath,  and  dry  the  residue 
at  212°,  until  the  weight  remains  constant  (§  25).  The  results  are  accu- 
rate.  The  supposed  volatilization  of  the  chloride  is  very  trifling  indeed. 
A direct  experiment  (No.  14),  gave  99‘94  for  100  parts  of  ammonia.  The 
presence  of  free  hydrochloric  acid  makes  no  diiference  ; the  conversion  of 
caustic  ammonia  into  chloride  of  ammonium  may  accordingly  be  effected 
by  simple  supersaturation  with  hydrochloric  acid.  The  same  applies  to 
the  conversion  of  the  carbonate,  with  this  addition  only,  that  the  process 
of  supersaturation,  and  also  that  of  heating  to  expulsion,  must  be  con- 
ducted  in  an  obliquely-placed  flask  or  retort.  In  the  analysis  of  sulphide 
of  ammonium  we  proceed  in  the  same  way,  taking  care  simply,  to  filter 
off  the  sulphur  which  may  have  separated  after  the  expulsion  of  the  sul- 
phuretted  hydrogen,  and  before  proceeding  to  evaporate. 

2.  Determination  as  bichloride  of  platinum  and  chloride  of  ammonium. 

a.  Direct  determination. 

a a.  Ammoniacal  salts  with  volatile  acids. 

Same  method  as  described  in  § 76,  b.  4.  a (Bichloride  of  platinum  and 
chloride  of  potassium). 

b b.  Ammoniacal  salts  with  non- volatile  acids. 

Same  method  as  described  § 76,  b.  4.  ß (Bichloride  of  platinum  and 
chloride  of  potassium).  The  results  obtained  by  these  methods  are  accurate. 

If  you  wish  to  control  the  accuracy  of  your  results,*  you  may  ignite  the 
double  chloride,  wrapped  up  in  the  filter,  in  a covered  crucible,  and  cal- 
culate  the  amount  of  ammonia  from  that  of  the  residuary  platinum.  The 
heat  must  be  increased  very  gradually.f  Want  of  due  caution  in  this 
respect  is  apt  to  lead  to  loss,  from  particles  of  the  double  salt  being  carried 
away  along  with  the  chloride  of  ammonium.  Very  small  quantities  of  bichlo- 
ride of  platinum  and  chloride  of  ammonium  are  colleeted  on  an  unweighed 
filter,  dried,  and  at  once  reduced  to  platinum  by  ignition. 

3.  Estimation  by  expulsion  of  the  ammonia  in  the  humid  way . 

This  method,  which  is  applicable  in  all  cases,  but  more  particularly  in 
such  where  ammoniacal  salts  are  mixed  with  organic  matters,  or  also  with 

* If  the  bichloride  of  platinum  and  chloride  of  ammonium  is  pure,  this  control  may  be  dis- 
pensed  with. 

+ The  best  way  is  to  continue  the  application  of  a moderate  heat  for  a long  time,  then  to 
remove  the  lid,  place  the  crucible  obliquely  with  the  lid  leaning  against  it,  and  burn  the 
cliarred  filter  at  a graduaUy  increased  heat  (//.  Rose). 
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other  salts,  is  divided  iuto  two  parts,  viz.,  the  expulsion  of  the  ammonia, 
and  the  determination  of  its  weight. 

The  expulsion  of  the  ammonia  may  be  effected,  either  by  mixing  the 
substance  under  examination  with  lime  water,  or  solution  of  soda,  boiling  the 
mixture  continuously  in  a retort  or  flask,  and  couducting  the  vapors,  through 
a cooling  apparatus  of  glass,  into  a tubulated  receiver,  containing  some  hy- 
drochloric,  or  dilute  sulphuric  acid,  and  from  the  tubulature  of  which  a 
limbed  tube  leads  to  a small  flask,  containing  some  dilute  hydrochloric,  or 
dilute  sulphuric  acid  ; or  also  after  the  following  method,  recently  recom- 
mended  by  Schlösing,  and  the  accuracy  of  which  that  chemist  has  tested 
by  repeated  experiments.  It  is  based  upon  the  fact  that  an  aqueous  solu- 
tion containing  free  ammonia  gives  off  the  latter  completely  and  in  a com- 
paratively  short  time,  upon  exposure  to  air. 

The  fluid  containing  the  ammoniacal  salt,  and  the  volume  of  which  must 
not  exceed  35  cubic  centimeters,  is  introduced  into  a shallow  vessel  with 
low  rim,  and  from  10  to  12  centimeters  in  diameter  ; this  vessel  is  put  on 
a plate  filled  with  mercury.  A triangle,  made  of  a massive  glass  rod,  is 
placed  into  the  vessel  which  contains  the  solution  of  the  ammoniacal  salt> 
and  a saucer  or  shallow  basin  with  dilute  sulphuric  acid  put  on  it.  A 
beaker-glass  is  now  inverted  over  the  wliole  arrangement.  This  glass  is 
lifted  up  on  one  side  as  far  as  is  required,  and  a suflicient  quantity  of  lime 
water  is  allowed  to  pass  out  from  a pipette  (which  should  not  be  drawn 
out  at  the  lower  end).  The  beaker-glass  is  then  rapidly  pressed  down, 
and  weighted  with  a stone  slab.  After  forty-eight  liours  the  glass  is  lifted 
up,  and  a slip  of  moist  reddened  litmus  paper  held  in  it ; if  no  change  of 
color  is  observable,  this  is  a sign  that  the  expulsion  of  the  ammonia  is 
complete  ; in  the  contrary  case  the  glass  must  be  replaced.  To  judge 
from  Schlösing’ s experiments,  forty-eight  hours  are  always  suflicient  to  expel 
Ol  to  1 gramme  of  ammonia  from  25  to  35  cubic  centimeters  of  solution. 

The  expelled  ammonia  may  be  determined  in  the  form  of  bichloride  of  pla- 
tinum  and  chloride  of  ammonium  (vide  supra),  more  particularly  where  the 
expelled  ammonia  has  been  received  in  hydrochloric  acid.  Or  the  estimation 
may  be  effected  by  the  following  method,  recommended  first  by  Peligot, 
and  subsequently  applied  also  by  Schlösing.  The  principle  of  the  method 
is  very  simple : the  ammonia  is  fixed  by  means  of  a definite  quantity 
(either  weighed  or  measured)  of  dilute  sulphuric  acid  of  known  strength, 
and  the  amount  of  free  acid  remaining  is  then  ascertained  by  adding  an 
alkaline  solution  (of  soda,  for  instance)  of  known  strength,  until  the 
free  acid  is  neutralised.  From  the  amount  of  alkali  so  required  to  effect 
the  neutralization  of  the  free  acid,  we  learn  the  quantity  of  acid  saturated 
by  the  ammonia,  and  accordingly,  also,  the  quantity  of  the  latter. 

To  prepare  the  test  acid,  add  about  28  grammes  of  hydrated  sulphuric 
acid  to  200  grammes  of  water,  and  determine  the  strength  of  the  dilute 


OXIDE  OF  AMMONIUM. 


143 


§ 78.] 


acid  by  measuring  off,  successively,  two  portions  of  it,  of  10  cubic  centime- 
ters  eacb,  precipitating  them  with  the  aid  of  a small  pipette,  after  addition 
of  water,  with  cbloride  of  barium,  and  weigbitig  the  sulphate  of  baryta 
obtained  (compare  § 105).  If  the  two  analyses  give  sufficiently  correspond- 
ing  results,  the  mean  may  be  taken  as  the  actual  proportion  of  sulphuric 
acid  contained  in  the  test  fluid.  Suppose  you  have  found  in  this  way  that 
10  cubic  centimeters  of  the  dilute  acid  contain  TOI  grm.  of  sulphuric  acid: 
tliese  10  centimeters  are  saturated  by  exactlyO’429  grm.  of  ammouia  (NII3) 
Accordiugly  one  cubic  centimeter  of  the  dilute  acid  (test  acid),  corresponds 
to  0'0429  grm.  of  ammonia  (NII3). 

The  test  acid  is  kept  in  a well  closed  bottle. 

As  alkaline  test  solution,  dilute  solution  of  pure  soda  may  be  used.  Pre- 
pare  a solution  of  about  1'02  sp.  gr.,  and  which  accordingly  contains 
about  1*5  per  cent  of  soda,  and  determine  the  amount  of  it  required  to 
saturate  10  cubic  centimeters  of  the  test  acid.  To  this  end,  pour  10  cubic 
centimeters  of  the  acid  into  a beaker-glass,  add  a few  drops  of  litmus  tinc- 
ture,  or  of  decoction  of  logwood  (Mitchel),  and  let  the  soda  solution  drop 
into  it  from  a graduated  pipette,  or  burette , filled  to  the  0 point,  until  the 
red  fluid  (where  litmus  tincture  has  been  used),  turns  blue,  or  the  yellowish 
brown  fluid  (where  decoction  of  logwood  has  been  used),  black  blue. 
Supposing  the  attainment  of  these  results  to  have  required  53  cubic 
centimeters  of  the  solution  of  soda,  you  know  now  that  53  cubic  centimeters 
of  your  alkaline  test  fluid  contain  exactly  the  amount  of  soda  required  to 
saturate  1*01  grm.  of  sulphuric  acid. 

Besides  the  actual  test  acid,  another  ten  times  more  dilute  test  acid 
must  be  prepared,  by  mixing  10  cubic  centimeters  of  the  former  with  90 
cubic  centimoters  of  water. 

To  determine  the  ammonia  by  this  method,  measure  off  10  or  20  cubic 
centimeters  (according  to  the  greater  or  less  amount  of  the  ammoniacal 
salt),  of  th e strong  test  acid,  and  bring  that  quantity  into  contact  with  the 
expelled  ammonia.  When  the  Operation  is  completed,  neutralise  the  free 
acid  remaining  most  carefully  with  your  alkaline  test  fluid.  Should  you 
happen  somewhat  to  exceed  the  neutralisation  point,  you  need  simply  add 
of  the  dilute  test  acid  until  the  exact  point  is  reached.  Suppose  you  have 
used  10  cubic  centimeters  of  the  strong  test  acid,  20  cubic  centimeters  of 
the  alkaline  test  fluid,  and  subsequently  still  0’5  c.  c.  of  tbe  dilute  test 
acid,  your  calculation  will  stand  thus  : 

Total  amount  of  strong  test  acid  used  10  + 0*05  c.  c.  = 10*05  c.c. 

53  cubic  centimeters  of  the  alkaline  test  fluid  corre- 
spondingto  10  c.  c.  of  the  test  acid,  20  c.  c.  of  the 
former  correspond to  . 3*77  c.c. 

(53  : io:  :20  : x=3 *77.) 

Amount  of  test  acid  combined  with  ammonia 
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Now,  as  onecubic  ccntimeterof  test  acid  corresponds  to  0-0429  grm.  of 
ammonia  (NH3),  6-28  cubic  centimeters  correspond  to  0-2694  grm.  of 
ammonia. 

The  calculation  may  be  simplified  still  more,  by  preparing  the  test 
acid  so  that  10  c.  c.  of  it  correspond  exactlv  to  0 5 grm.  of  NII3  ; 
and  the  alkaline  test  fluid  so  that  50  cubic  centimeters  saturate  exactly  10 
cubic  centimeters  of  the  test  acid,  in  whicli  case  we  have  simply  to  deduct 
from  the  amount  of  ammonia  expressible  in  round  numbers,  as  many  centi- 
grammes  as  we  have  used  cubic  centimeters  of  the  alkaline  test  fluid. 
However,  as  the  preparation  of  so  accurately  mixed  test  fluids  always  in- 
volves  a chance  of  some  slight  errors,  I would  recommend  the  former  way ; 
at  all  events,  in  cases  where  the  attainment  of  perfectly  accurate  results 
is  desirable. 


SECOND  GROUP. 

BARYTA,  STRONTJA,  LIME,  MAGNESIA. 

§ 79. 


1.  BARYTA. 

a.  Solution. 

Caustic  baryta  is  soluble  in  water,  and  so  are  many  of  the  salts  of  that 
alkaline  earth.  The  salts  of  baryta,  wbich  are  insoluble  in  water,  are,  with 
the  exception  of  the  sulpliate,  readily  dissolved  by  dilute  hvdrochloric 
acid.  The  solution  of  the  sulpliate  is  effected  by  fluxing  with  a mixture 
of  carbonate  of  soda  and  potassa,  &c.  See  § 105. 

b.  Determination  of  weight. 

Baryta  is  weighed  either  as  sulphate,  or  as  carbonate  (§50).  It  is 
rarely  converted  into  silico-fluoride  of  barium,  and  only  for  the  purpose  of 
separating  it  from  strontia — (see  § 122). 

We  may  convert  into 


1.  SULPIIATE  OF  BARYTA. 


a.  By  precipitation. 

All  compounds  of  baryta,  without 
exception. 


b.  By  evaporation. 

All  compounds  of  baryta  with  vo- 
latile  acids,  if  no  other  non-volatile 
body  is  present. 


2.  CARBONATE  OF  BARYTA. 

a.  All  salts  of  baryta  soluble  in  water. 

ß.  Salts  of  baryta  with  organic  acids. 

The  metliod  of  precipitating  baryta  in  the  form  of  sulphate  is  the  most 
frequently  employed,  being  the  best  adapted  also  for  the  Separation  of 
baryta  from  other  bases.  The  method  of  evaporating  (1.  b.)  yields 
accurate  results,  and  is  verv  convenient  in  cases  where  we  have  to  deal 
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with  small  portions  of  fluid  only.  The  conversion  into  the  carbonate  in 
the  humid  way,  is  resorted  to  only  in  cases  where  the  conversion  into  the 
sulphateis  inadmissible  or  unadvisable. 

1.  Determination  as  sulphate  of  barytu. 
a.  By  precipitation. 

Dissolve  the  baryta  compound  in  water  or  in  hvdrochloric  acid,  as  the 
case  may  be,  in  a beaker-glass,  taking  care  to  make  the  solution  moderately 
dilute ; heat  the  fluid  to  212°,  and  add  to  it  dilute  sulphuric  acid,  as  long 
as  a precipitate  continues  to  form ; stir  the  mixture  with  a glass  rod,  and 
rinse  olf  the  fluid  adhering  to  the  rod  with  a little  water  into  the  beaker- 
glass  ; cover  the  glass,  and  let  it  stand  at  rest  until  the  precipitated 
sulphate  of  baryta  has  completely  subsided,  and  the  supernatant  fluid 
become  perfectly  clear  (which  will  require  about  twelve  hours).  Pour  the 
fluid  gently  and  cautiously,  so  as  to  leave  the  precipitate  undisturbed,  on 
a proper  Alter.  As  soon  as  the  fluid  has  ruu  olf,  stir  up  the  precipitate  in 
the  beaker-glass  with  a little  hot  water  (or,  if  the  filtering  paper  happens 
to  be  very  porous,  with  a little  moderately  dilnted  hot  solution  of  chloride 
of  ammonium),  and  transfer  it  also  gradually  to  the  Alter,  with  the  aid  of  a 
small  glass  rod,  taking  care,  after  the  addition  of  every  fresh  portion  of 
the  precipitate,  to  wait  until  the  fluid  has  completely  drained  olf,  before 
you  proceed  further,  and  to  add  each  time  a fresh  amount  of  hot  water,  or 
of  hot  solution  of  chloride  of  ammonium,  to  the  precipitate  remaining  in 
the  beaker-glass.  Small  particles  of  the  precipitate  adhering  more  firmly 
to  the  glass,  are  removed  with  the  beard  of  a feather.  If  the  filtering 
paper  is  of  tolerably  good  quality,  this  way  of  proceeding  will  always  etfect 
the  complete  Separation  of  the  precipitate  from  the  menstruum  ; deviations 
from  the  rules  laid  down  here,  will  generally  give  rise  to  the  passing  of  a 
turbid  fluid  through  the  Alter.  Wash  the  precipitate  with  hot  water,  until 
the  last  washings  remain  clear  upon  addition  of  chloride  of  barium.  Dry 
the  precipitate,  and  proceed  in  the  way  indicated  in  § 35. 

It  is  sometimes  desirable  to  precipitate  baryta  with  sulphuric  acid,  in  a 
more  rapid  and  expeditious  way  than  the  one  just  now  described.  This 
may  be  elfected  by  heatiug  the  baryta  solution  in  a porcelain  dish,  or 
in  an  appropriate  glass-vessel,  to  iucipient  ebullition,  adding  a suflicient 
quantity  of  dilute  sulphuric  acid,  and  keeping  the  mixture  for  a few 
minutes  in  gentle  ebullition, — when  the'  precipitated  sulphate  of  baryta 
will  at  once  completely  subside.  The  supernatant  clear  fluid  is  then 
passed  through  the  Alter,  the  precipitate  is  treated  with  water,  or  also,  as 
the  case  may  require,  with  dilute  hydrochloric  acid,  and  the  mixture 
lieated  once  more.  The  precipitate  is  then  finally  transferred  to  the  Alter. 
With  this  way  of  proceeding  the  filtrate  is  rarely  turbid. 
b.  By  evaporation. 

Add  to  the  solution,  in  a weighed  platinum  dish,  pure  sulphuric  acid 

L 


146 


STRONTIA. 


[§  30. 


very  slightly  in  exccss,  and  evaporate  in  tlie  water-bath  ; expel  the  excess 
of  sulpliuric  acid  by  cautious  application  of  heat,  and  ignite  tlie  residue. 

For  the  properties  of  sulphate  of  baryta,  see  § 50. 

Botli  methods,  if  properly  and  carefully  exccuted,  give  almost  absolutely 
accurate  results. 

2.  Determination  as  carbonate  of  baryta. 

a.  In  Solutions. 

Mix  the  moderately  dilute  solution  of  the  baryta  salt  in  a beaker-glass 
with  ammouia,  add  carbonate  of  ammonia  in  moderate  excess,  and  let  the 
mixture  stand  several  hours  in  a warm  place.  Filter,  wrash  the  precipitate 
with  water  mixed  with  a little  ammonia,  dry,  and  ignite  (§  36). 

For  the  properties  of  the  precipitate,  see  § 50.  This  method  involves 
a tritliug  loss  of  substance,  as  the  carbonate  of  baryta  is  not  absolutely 
insoluble  in  water.  It  is,  however,  more  expeditious  and  convenient  than 
the  precipitation  with  sulpliuric  acid.  The  direct  experiment,  No.  56, 
gave  99’79  instead  of  100  parts  of  baryta. 

If  the  solution  happens  to  contain  a notable  quantity  of  ammoniacal  salts, 
the  loss  incurred  is  much  more  considerable,  since  the  presence  of  such 
salts  greatly  increases  the  solubility  of  the  carbonate  of  baryta. 

b.  In  salts  of  baryta  with  oryanic  acids. 

Heat  the  salt  slowly  in  a covered  platinum  crucible,  uutil  no  more 
fumes  are  evolved ; place  the  crucible  obliquely,  with  the  lid  leaning 
against  it,  and  heat  to  redness,  until  the  whole  of  the  carbon  is  consumed, 
and  the  residue  presents  a perfectly  white  appearance ; moisten  the 
residue  with  a concentrated  solution  of  carbonate  of  ammonia,  evaporate, 
ignite  the  residue  gently,  and  weigli.  The  results  obtained  by  this  method 
are  quite  satisfactory.  The  direct  experiment,  No.  57,  gave  99’6l  instead 
of  100  parts  of  baryta.  The  loss  of  substance  which  almost  invariably 
attends  this  method,  is  owing  to  particles  of  the  salt  being  carried  off  along 
with  the  fumes  evolved  upon  ignition,  and  is  accordingly  the  less  consi- 
derable, the  more  slowly  and  gradually  the  heat  is  increased.  Omission 
of  the  moistening  the  residue  with  carbonate  of  ammonia  would  involve  a 
further  loss  of  substance,  as  the  ignition  of  carbonate  of  baryta  in  contact 
with  carbon,  is  attended  with  formation  of  some  caustic  baryta,  and 
evolution  of  carbonic  oxide  gas. 


§ 80. 

2.  STRONTIA. 

a.  Solution. 

See  the  preceding  paragraph  (§  79,  a. — Solution  of  baryta),  the  direc 
tions  given  there  applying  equally  here. 
b.  Determination  of  weight. 
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Strontia  is  weighed  eitlier  as  sulphate  or  as  carbonate  of  strontia  (§  51). 

We  may  convert  into 

1.  SU JjPHATE  of  strontia. 

a.  By  precipitation. 

All  Compounds  of  strontia,  without  exception. 

b.  By  evaporation. 

All  salts  of  strontia  with  volatile  acids,  if  no  other  non-volatile  bod}^  is 
present. 

2.  CARBONATE  OF  STRONTIA. 

a.  All  compounds  of  strontia  soluble  in  water. 

ß.  Salts  of  strontia  with  organic  acids. 

The  method  based  on  tlie  precipitation  of  strontia  with  sulphuric 
acid,  yiclds  accurate  results  only  in  cases  where  the  fluid  from  which  tbe 
strontia  is  to  be  precipitated,  may  be  mixed,  without  detriment,  with  alcohol. 
Wliere  this  cannot  be  done,  and  where  the  method  based  on  the  evapora- 
tion of  the  solution  of  strontia  with  sulphuric  acid,  is  equally  inadmissible, 
the  conversion  into  the  carbonate  ought  to  be  resorted  to  in  preference,  in 
the  case  of  soluble  compounds  of  strontia  and  of  salts  of  strontia  with 
organic  acids. 

1.  Determination  as  sulphate  of  strontia. 

a.  By  precipitation. 

Mix  the  solution  of  the  salt  of  strontia  (which  must  not  be  too  dilute), 
with  dilute  sulphuric  acid  in  excess,  in  a beaker-glass,  and  add  a volume 
of  alcohol,  at  least  equal  to  that  of  the  fluid  present ; letthc  mixture  stand 
a few  hours,  and  Alter ; wash  the  precipitate  with  dilute  spirits  of  wine, 
dry,  and  ignite,  and  weigh  the  residue  (§  35). 

If  the  circumstances  of  the  case  contra-indicate  the  use  of  alcohol,  the 
fluid  must  be  precipitated  in  a tolerably  concentrated  state,  allowed  to  stand 
in  the  cold  for  at  least  twenty-four  hours,  filtered,  and  the  precipitate  washed 
with  cold  water,  until  the  last  rinsings  manifest  no  longer  an  acid  reaction, 
and  leave  no  perceptible  residue  upon  evaporation.  If  traces  of  free  sul- 
phuric acid  remain  adhering  to  the  Alter,  the  latter  turns  black,  on  drying, 
and  crumbles  to  pieces  ; too  long  protracted  washing  of  the  precipitate, 
on  the  other  liand,  tends  to  increase  the  loss  of  substance  inseparable  from 
the  application  of  this  method  in  cases  where  the  use  of  alcohol  is  inad- 
missible. 

Care  must  be  taken  that  the  precipitate  be  thoroughly  dry,  before  pro- 
ceeding  to  ignite  it ; otherwise  it  will  be  apt  to  tlirow  off  fine  particles 
during  the  latter  process.  The  Alter,  which  is  to  be  consumed  on  tbe  lid 
of  the  crucible,  must  be  scraped  as  clean  as  possible,  or  eise  some  loss  of 
substance  will  be  incurred ; as  may  be  clearly  seen  from  the  dcpth  of 
the  carmine  tint  of  the  flame  with  which  tbe  Alter  burns  if  the  precipi- 
tate has  not  been  properly  removed  from  it. 
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For  the  properties  of  tlie  precipitate,  see  § 5 1 . This  method  gives  very 
accurate  results  in  cases  wliere  tlie  addition  of  alcohol  to  the  solution  is 
admissible ; but  where  we  have  to  deal  with  a simple  aqueous  solution,  a 
rather  considerable  loss  is  unavoidable,  as  sulphate  of  strontia  is  not 
absolutely  insoluble  in  water.  The  direct  experiments,  noted  sub  No.  58, 
gave  only  OS1 12  and  98‘02  instead  of  100  parts  of  strontia.  Ilowever,  the 
error  may,  in  a great  measure,  be  rectified,  by  calculating  the  arnount  of 
sulphate  of  strontia  dissolved  in  the  filtrate  and  the  rinsing  water,  basing 
the  calculation  upon  the  known  degree  of  solubility  of  sulphate  of  strontia 
in  pure  water  and  in  acidified  water.  See  Experiment  No.  59,  which  gave 
99’ 77  instead  of  100  parts  of  strontia. 

b.  By  evaporation. 

The  same  method  as  described  § 79,  1 b. 

2.  Determination  as  carbonate  of  strontia. 

a.  In  Solutions. 

The  same  method  as  described  § 79,  2 a.  For  the  properties  of  the 
precipitate,  see  §51.  The  method  gives  very  accurate  results,  as  carbonate 
of  strontia  is  nearly  absolutely  insoluble  in  water  containing  ammonia  and 
carbonate  of  ammonia.  The  direct  experiment  No.  60,  gave  99-82  in- 
stead of  100  parts  of  strontia.  Presence  of  ammoniacal  salts  exercises  liere 
a less  adverse  influence,  than  in  the  precipitation  of  carbonate  of  baryta. 

b.  In  salts  with  oryanic  acids. 

The  same  method  as  described  § 79,  2 b. 

§ 81. 

3.  LIME. 

a.  Solution. 

See  § 79  a. — Solution  of  baryta.  Fluoride  of  calcium  is,  by  means  of 
sulphuric  acid,  converted  into  sulphate  of  lime,  and  the  latter  again,  if 
necessary,  decomposed  by  fluxing  with  an  alkaline  carbonate. 

b.  Determination  of  weiyht. 

Lime  is  weighed  either  as  sulphate  or  as  carbonate  of  lime  (§  52). 

We  may  convert  into 

1.  SULPHATE  OF  LIME. 

a.  By  precipitation. 

All  salts  of  lime  with  acids  soluble  in  alcohol,  provided  no  otlier  sub- 
stance  insoluble  in  alcohol,  be  present. 

b.  By  evaporation. 

All  salts  of  lime  with  volatile  acids,  provided  no  non-volatile  bodv  be 
present. 

2.  CARBONATE  OF  LIME. 

a.  By  precipitation  with  carbonate  of  ammonia. 

All  salts  of  lime  soluble  in  water. 
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b.  By  precipitation  with  oxalate  of  ammonia. 

All  salts  of  lime  soluble  in  water,  or  in  liydrochloric  acid. 

c.  By  ignition. 

Salts  of  lime  with  organic  acids. 

Of  these  several  methods,  that  sub.  2 b.  (precipitation  w'itli  oxalate  ot 
ammonia)  is  the  one  most  frequently  resorted  to.  This,  and  the  metliod 
1 b,  give  the  most  accurate  results.  The  metliod  1 a,  is  usually  resorted 
to  only  to  effect  the  Separation  of  lime  from  other  bases  ; 2 a,  generally 
only  to  effect  the  Separation  of  lime  in  conjunction  with  other  alkaline 
earths  from  the  alkalies. 

1 . Determination  as  sulphate  of  lime. 

a.  By  precipitation. 

Mix  the  solution  of  lime  in  a beaker-glass,  with  dilute  sulphurie  acid 
in  excess,  and  add  twice  its  volume  of  alcohol ; let  the  mixture  stand  twelve 
liours,  filter,  and  thoroughly  wasli  the  precipitate  with  spirits  ot  wine, 
dry  and  ignite  moderately  (§  36).  For  the  properties  of  the  precipitate, 
see  § 52.  The  results  are  very  accurate.  The  direct  experiment,  No.  61, 
gave  99-64  iustead  of  100  parts  of  lime. 

b.  By  evaporation. 

The  same  method  as  described  § 79,  1 b. 

2.  Determination  as  carbonate  oflime. 

a.  By  precipitation  with  carbonate  of  ammonia. 

The  same  method  as  described  § 79,  2 a.  The  precipitate  must  be 
exposed  only  to  a very  gentle  red  heat,  but  this  must  be  continued  for 
some  time.  For  the  properties  of  the  precipitate,  see  § 52. 

This  method  gives  very  accurate  results,  the  loss  of  substance  incurred 
being  hardly  worth  mentioning. 

If  the  solution  liappens  to  contain  chloride  of  ammonium,  or  similar 
ammoniacal  salts  in  considerable  proportion,  the  loss  of  substance  incurred 
is  greater.  The  same  is  the  case  if  the  precipitate  is  washed  with 
ammoniacal  water  instead  of  pure  water.  The  direct  experiment,  No.  62,  in 
which  ammoniacal  water  was  used,  gave  99‘17  instead  of  100  parts  of  lime. 

b.  By  precipitation  with  oxalate  of  ammonia. 

a.  The  lime  salt  is  soluble  in  water. 

Dissolve  the  salt  in  hot  water,  in  a beaker-glass ; add  oxalate  of  ammo- 
nia in  moderate  excess,  and  then  ammonia  sufficient  to  impart  an  ammo- 
niacal smell  to  the  fluid  ; cover  the  glass,  and  let  it  stand  in  a warm  place 
until  the  precipitate  has  completely  subsided,  which  will  require  twelve 
hours,  at  least.  Transfer  the  precipitate  now  to  the  filter,  with  the  aid  of 
hot  water,  in  the  manner  described  § 79,  1 a.  (sulphate  cf  baryta). 
Small  particles  of  the  precipitate  that  may  happen  to  remain  adhering  to 
the  glass  so  firmly  that  they  cannot  be  removed  by  mcchanical  means,  had 
best  be  dissolved  in  a small  vcssel,  in  a few  drops  of  highly  dilute  hydro- 


150 


LIME. 


[§  8 1 . 


chloric  acid,  ammonia  added  to  the  solution,  and  the  precipitate  fortned 
added  to  tlic  tirst.  After  liaving  washed  the  precipitate,  dry  it  on  the 
filter  in  the  funnel,  and  transfer  the  dry  precipitate  to  a platinum 
crucible,  taking  care  to  scrape  the  filter  as  clean  as  may  be  practicable ; 
hum  the  filter  on  the  lid,  and  tlien  put  the  latter  inverted  on  the 
crucible,  to  prevent  the  filter  ashes  mixing  with  the  precipitate  ; applv 
now  a gentle  heat,  and  increase  this  gradually  until  the  bottom  of  the 
crucible  exhibits  a faint  red  appearance.  Keep  it  atthat  temperature  from 
ten  to  fifteen  minutes,  then  let  it  cool,  and  weigh.  After  this,  moisten  the 
contents  of  the  crucible,  which  must  be  perfectly  white,  or,  at  all  events, 
show  only  the  least  tinge  of  gray,  with  a little  water,  and  test  this  after  a 
time  with  a very  small  slip  of  turmeric  paper.  If  the  color  of  the  test 
paper  remains  unaltered,  the  process  may  be  considered  at  an  end,  and  the 
result  taken  as  correct ; but  should  the  paper  tum  brown — a sign  that  the 
heat  applied  was  too  intense — rinse  off  the  fluid  adhering  to  the  paper  with 
a little  water  into  a crucible,  throw  in  a small  lump  of  pure  carbonate  of 
ammonia,  evaporate  to  dryness  (best  in  the  water-bath),  heat  to  faint  red- 
ness,  and  weigh  the  residue.  If  the  weight  shows  an  increase  over  that  of  the 
first  residue,  which  is  almost  invariably  the  case  under  these  circumstauces, 
you  had  always  better  ascertain  by  renewed  gentle  ignition  and  subsequent 
weigh ing,  whether  this  increase  of  weight  was  really  owing  to  absorption 
of  carbonic  acid,  or  to  imperfect  expulsion  of  the  water.  This  method,  if 
properly  and  carefully  performed,  gives  nearly  absolutely  accurate  results, 
and  if  the  application  of  heat  is  properly  managed,  there  is  no  need  of  the 
tedious  supplementary  Operation  recommended  here — evaporation  with  car- 
bonate of  ammonia-  The  direct  experiment,  No.  63,  gave  99'99  instead 
of  100  parts  of  lime. 

For  the  properties  of  the  precipitate  and  residue  see  § 52. 

If  the  quantity  of  oxalate  of  lime  obtained  is  only  very  trifling  I 
prefer  to  convert  that  salt  into  the  sulphate.  To  this  end,  the  re- 
sidue is  strongly  ignited  together  with  the  filter,  in  a platinum  crucible  ; 
some  water  is  then  added,  and  a little  hydrochloric  acid,  until  the  residue 
is  dissolved  ; the  solution  is  mixed  with  pure  dilute  sulphuric  acid  as 
slightly  in  excess  as  possible.  The  mixture  is  then  evaporated,  first  in  the 
water-bath,  afterwards  cautiously  over  the  lamp ; the  residue  is  finally  heated 
to  a moderate  degree  of  redness. 

Many  chemists  prefer  collecting  the  oxalate  of  lime  upon  a weiglied  filter, 
to  dry  at  212°,  and  to  weigh  the  dry  precipitate.  This  precipitate  is  not, 
as  is  often  erroneously  supposed,  CaO,  C203,  but,  CaO,  C203+aq.} 
and  must  therefore  be  calculated  as  such. 

This  method  gives  less  accurate  results  tlian  that  bascd  on  the  con- 
version  of  the  oxalate  into  the  .carbonate.  The  direct  experiment,  No. 
64,  gave  100-45  instead  of  100  parts  of  lime. 
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ß.  The  salt  is  insoluble  in  water. 

Dissolve  the  salt  in  dilute  hydrochloric  acid.  If  the  acid  combined 
with  the  lime/is  of  a nature  to  escape  in  tliis  Operation  (carbonic  acid  for 
instance),  or  to  admit  of  its  Separation  by  evaporation  (silicic  acid  for  in- 
stance), proceed,  after  the  removal  of  tlie  acid,  asdirected,  snb  a.  But  if 
the  acid  is  of  more  stähle  nature  (phosphoric  acid,  for  instance),  neutra- 
lize  the  free  acid  present  with  ammonia  until  a precipitate  commences  to 
form,  re-dissolve  this  again  with  a drop  of  hydrochloric  acid,  add  oxalate 
of  ammonia  in  excess,  and  finally  acetate  of  soda ; allow  the  precipitate  to 
deposit,  and  proceed  for  the  remainder  of  the  Operation  as  directed,  sub  a. 
In  this  process  the  free  hydrochloric  acid  present  combines  with  the 
ammonia  and  soda  of  the  oxalate  and  acetate,  liberating  a corresponding 
quantity  of  oxalic  acid  and  acetic  acid,  in  which  acids  oxalate  of  lime  is 
nearly  insoluble.  The  method  yields  pretty  accurate  results.  The  direct 
Experiment,  No.  65,  gave  99’78  instead  of  100  parts  of  lime. 
c.  By  ignition. 

The  same  method  as  described  § 79,  2 h (baryta).  The  residue  re- 
maining  upon  evaporation  with  carbonate  of  ammonia  (which  Operation  it 
is  advisable  to  perform  twice),  must  be  ignited  very  gently. 

§ 82. 

4.  MAGNESIA. 

a.  Solution. 

Many  of  the  compounds  of  magnesia  are  soluble  in  water  ; those  which 
are  insoluble  in  that  menstruum,  dissolve  in  hydrochloric  acid,  with  the 
exception  of  some  silicates. 

h.  Determination  of  weight. 

Magnesia  is  weighed  either  as  sulphate  of  magnesia,  as  pyrophosphate, 
or  as  pure  magnesia. 

We  may  convert  into 

1.  SULPHATE  OF  MAGNESIA. 

a.  Directly.  L.  Indirectly. 

All  compounds  of  magnesia  with  All  compounds  of  magnesia  solu- 
volatile  acids,  provided  no  other  ble  in  water,  and  likewise  those 
non-volatile  substance  be  present.  which,  insoluble  in  that  menstruum, 

dissolve  in  hydrochloric  acid,  with 
Separation  of  their  acid  (in  case 
no  ammoniacal  salts  are  present). 

2.  PYROPHOSPHATE  OF  MAGNESIA. 

All  compounds  of  magnesia  without  exception 
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3.  PURE  MAGNESIA. 

a.  Salts  of  magnesia  with  organic  acids,  or  with  readily  volatile  inor- 
ganic  oxygen  acids. 

b.  Chloride  of  magnesium,  and  the  Compounds  of  magnesia  convertible 
into  timt  salt. 

The  direct  determination  as  sulphate  of  magnesia  is  to  be  highly  recom- 
mended  in  all  cases  where  it  is  applicable.  The  indirect  conversion  into  the 
sulphate,  serves  only  to  separate  magnesia  from  certain  bases,  and  is  hardly 
ever  had  recourse  to  where  it  can  possibly  he  avoided.  The  method  based  on 
the  conversion  of  the  magnesia  compound  into  the  pyrophosphate  is  most 
generally  resorted  to  ; especially  also  to  effect  the  Separation  of  magnesia 
trom  other  bases.  The  method  based  on  the  conversion  of  chloride  of 
magnesium  into  pure  magnesia  is  usually  resorted  to  only  to  effect  the 
Separation  of  magnesia  from  the  fixed  alkalies.  Compounds  of  magnesia 
with  phosphoric  acid  are  analysed  as  § 10G  directs. 

1.  Determination  as  sulphate  of  magnesia. 

a.  Direct  determination. 

Add  to  the  solution  of  magnesia  a more  than  sufficient  amount  of 
dilute  pure  sulphuric  acid  to  combine  with  the  whole  of  the  magnesia 
present,  evaporate  the  mixture  to  dryness,  in  a weighed  platinum  dish, 
in  the  water-bath  ; put  the  lid  on,  and  heat  cautiously  until  the  excess 
of  sulphuric  acid  is  completely  expelled  ; heat  the  residue  nowr  over  the 
lamp  for  some  time  to  gentle  redness  ; let  it  cool,  and  wreigh.  Should  no 
sulphuric  acid  fumes  escape,  upon  heating,  tliis  may  be  looked  upon 
as  a sure  sign  that  the  sulphuric  acid  has  not  been  added  in  sufficient 
quantity,  in  which  case  the  mixture  is  allowed  to  cool,  and  a fresh  portion 
of  sulphuric  acid  added  to  it.  The  method  vields  very  accurate  results. 
Care  must  be  taken  not  to  use  an  over  large  quantity  of  sulphuric  acid, 
since  this  would  tend  to  protract  the  process  unnecessarily  ; the  residue 
must  be  exposed  to  a moderate  red  heat  only,  and  weighed  as  soon  as  it  is 
cold.  For  the  properties  of  the  residue,  see  § 53. 

b.  Indirect  determination. 

The  solution  of  magnesia  is  heated  in  a flask  to  212°,  and  clear  saturated 
water  of  baryta  is  added  in  excess  ; the  temperature  is  maintained  for  some 
time  near  the  boiling  point ; the  fluid  is  then  filtered  off  from  the  pre- 
cipitate,  and  the  latter  carefully  wrashed  with  boiling  water,  and  subse- 
quently  dissolved  upon  the  filter  with  somewhat  dilute  hot  hydrochloric 
acid  ; the  filter  is  carefully  washed,  and  the  further  Operation  condueted 
as  directed  sub  a.  Should  a precipitate  of  sulphate  of  baryta  form,  upon 
the  addition  of  the  sulphuric  acid,  this  may  be  considered  a sign  that  the 
carbonic  acid  of  the  air  had  not  been  sufliciently  exeluded  from  contaet 
with  the  water  of  baryta  during  the  Operation.  In  that  case,  we  may  either 
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allow  this  precipitate  to  subside,  filter  off  from  it,  and  evaporate  the  filtrate, 
or  we  may  evaporate  at  once,  weigh  the  residue,  wash  it  with  water,  filter 
the  solution  off  from  the  undissolved  sulphate  of  baryta,  ascertain  the 
weight  of  the  latter  (§  79,  1 «.),  and  subtract  this  from  the  original  residue. 

The  results  obtained  by  this  method  fall  somewhat  short  of  100,  since 
hydrated  magnesia  is  not  quite  insoluble  in  water.  The  method  is,  more- 
over,  rather  too  complicated  to  yield  perfectly  accurate  results.  (Compare 
§ 121,  a). 

2.  Determination  as  pyrophosphate  of  magnesia. 

The  solution  of  the  salt  of  magnesia,  whicli  it  is  intended  to  convert  into 
the  pyrophosphate,  is  mixed,  in  a beaker-glass,  with  chloride  of  ammonium 
and  ammonia  added  in  slight  excess.  Should  a precipitate  form  upon 
the  addition  of  ammonia,  this  may  be  considered  a sign  that  a sufficient 
amount  of  chloride  of  ammonium  lias  not  been  used  ; a fresh  amount  of 
that  salt  must  consequently  be  added,  sufficient  to  effect  the  re-solution  of 
the  precipitate  formed.  The  fluid  is  then  mixed  with  a solution  of  phos- 
phate  of  soda  in  excess,  and  the  mixture  stirred  with  a glass  rod,  taking 
care  to  avoid  touching  the  sides  of  the  beaker-glass  with  the  stirring-rod 
otherwise  particles  of  the  precipitate  will  be  apt  to  adhere  so  firmly  to  the 
rubbed  parts  of  the  glass,  that  it  will  be  found  difficult  to  remove  them ; 
the  glass  is  then  well  covered,  and  allowed  to  stand  at  rest  for  twelve  hours, 
in  a moderately  warm  place ; after  the  lapse  of  that  time,  the  fluid  is  filtered 
off  from  the  precipitate,  taking  care  to  collect  every  particle  of  the  latter 
upon  the  filter ; when  the  fluid  has  completely  drained  off,  water  mixed 
with  one-fifth  of  solution  of  ammonia  is  poured  upon  the  precipitate  on  the 
filter,  and  allowed  to  drain  off ; this  Operation  is  repeated  until  the  fluid 
running  through  the  filter  ceases  to  leave  a residue  when  evaporated  upon 
a platinum  knife. 

The  precipitate  is  now  completely  dried,  and  then  transferred  to  a 
platinum  crucible  (§  36)  ; the  latter,  with  the  lid  leaning  against  it,  is 
then  exposed  for  some  time  to  a very  gentle  heat,  which  is  finally  increased 
to  intense  redness.  The  filter  is  incinerated  upon  the  lid  of  the  crucible, 
an  Operation  requiring  some  patience,  since  the  filter  is  difficult  of  com- 
bustion.  The  lid  is  now  put  on  inverted,  and  the  crucible  once  more 
exposed  to  a red  heat ; the  crucible  is  then  allowed  to  cool,  and  the  weight 
of  the  residue  ascertained. 

For  the  properties  of  the  precipitate  and  residue,  see  § 53. 

This  method,  if  properly  executed,  yields  most  accurate  results. 

The  direct  experiments,  No.  66  a and  b,  gave  respectively  100‘09  and 
99'97,  instead  of  100  parts  of  magnesia. 

3.  Determination  as  pure  magnesia. 

a.  Di  salts  of  magnesia  with  organic  acids. 

The  salt  of  magnesia,  which  it  is  intended  to  rcduce  to  the  state  of  [iure 
magnesia,  is  gently  hcated  in  a covered  platinum  crucible,  increasing  the 
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temperature  gradually,  until  the  evolution  of  empyreumatic  products 
ceascs  ; the  lid  is  then  removed  from  the  crucihle,  and  the  latter  placed  in 
an  oblique  position,  vvith  the  lid  leaning  against  it.  A red  heat  is  now 
applied,  until  the  residne  presents  a perfectly  white  appearance.  For  the 
properties  of  the  residue,  see  § 53.  The  method  yields  pretty  accurate 
results,  provided  the  application  of  heat  he  managed  slowly  and  gradually. 
Some  loss  of  substance  is  usually  sustained,  owing  to  traces  of  the  salt 
being  carried  off  along  with  the  empyreumatic  products.  Salts  of  magnesia 
with  readily  volatile  oxygeu  acids,  may  he  reduced  to  magnesia  iu  a similar 
way,  by  simple  ignition. 

b.  Conversion  of  chloride  of  magnesium  into  pure  magnesia. 

The  concentrated  solution  of  chloride  of  magnesium  is  mixed  in  a por- 
celain  crucihle,  with  pure  oxide  of  mercury,  reduced  to  the  very  finest 
powder,  by  trituration  with  water,  and  elutriation,  and  added  in  proportion 
more  than  sufficient  to  convert  by  its  oxygen  the  whole  of  the  magnesium 
present  into  magnesia.  The  mixture  is  evaporated  in  the  water-bath,  and 
the  residue  thorougldy  dried ; the  crucihle  is  now  covered,  and  exposed  to 
a red  heat,  until  the  chloride  of  mercury  formed  is  expelled,  together  witli 
the  excess  of  oxide  of  mercury.  The  operator  should  carefully  guard 
against  inhaling  the  fumes  evolved.  The  residue  is  either  weighed  at 
once  in  the  crucihle,  or,  if  the  Operation  liad  for  its  end  the  Separation 
of  magnesia  from  the  alkalies,  it  is  collected  upon  a filter,  wrashed  with  hot 
water,  dried,  and  ignited  (§  35.) 

THIRD  GROUP  OF  THE  BASES. 

ALUMINA SE SOU I OXIDE  OF  CHROMIUM. 

§ 83. 

1.  ALUMINA. 

a.  Solution. 

Those  of  the  compounds  of  alumina  wliich  are  insoluble  in  water,  dis- 
solve,  almost  without  exception,  in  hydrochloric  acid.  Native  crystallized 
alumina  (sappliire,  ruby,  &c.),  and  many  native  alumina  compounds,  and 
also  alumina  artificially  produced  after  intense  ignition,  require  fluxing  with 
carbonate  of  soda,  caustic  potassa,  or  hydrate  of  baryta,  as  a prelimihary 
step  to  their  solution  in  hydrochloric  acid.  Many  of  the  alumina  com- 
pounds are  fluxed  more  advantageously  with  bisulphate  of  potassa. 
(Compare  § 22.) 

b.  Determination  of  iveight. 

Alumina  is  invariably  weighed  in  the  pure  state  (§  54).  The  several 
compounds  of  alumina  are  converted  into  pure  alumina,  either  hy  precipi- 
tation  as  hydrate  of  alumina,  and  subsequent  ignition,  or  by  simple  ignition. 
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We  may  convert  into 

PURE  ALUMINA. 

a.  By  precipitation.  h.  By  ignition. 

All  compounds  of  alumina  soluble  a.  All  salts  of  alumina,  with 
in  water,  and  tliose  wliicli  insoluble  readily  volatile  acids  (sesquichloride 

in  tbat  menstruum,  dissolve  in  hy-  of  aluminium,  nitrate  of  alumina, 
drochloric  acid,  with  Separation  of  &c.) 

their  acid.  ß.  All  salts  of  alumina  with  or- 

ganic  acids. 

The  methods  b,  a and  ß,  are  applicable  only  in  cases  where  no  other 
fixed  substances  are  present.  The  method  of  estimating  alumina  in 
its  combinations  with  phosphoric  acid,  boracic  acid,  silicic  acid,  and  chromic 
acid,  will  be  found  in  Part  II.  of  this  section,  under  the  respective  heads 
of  these  several  acids. 

Determination  as  pure  alumina. 

a.  By  precipitation. 

Mix  the  moderately  dilute  solution  of  alumina  in  a beaker-glass,  with  a 
considerable  quantity  of  Chloride  of  ammonium,  add  ammonia  slightly  in 
excess,  expose  the  mixture  for  some  time  to  a temperature  approaching 
boiling  heat,  filter,  wash  the  precipitate  with  hot  water,  dry  it  thoroughly, 
ignite  (§  35),  and  weigh.  The  heat  applied  must  be  very  gentle  at  first, 
and  the  crucible  kept  well  covered,  to  guard  against  the  risk  of  loss  of  sub- 
stance  from  spirting,  which  is  always  to  be  apprehended  if  the  precipitate 
is  not  thoroughly  dry.  In  the  case  of  sulphate  of  alumina,  the  washed 
precipitate  must  be  redissolved  in  hydrochloric  acid,  and  reprecipitated 
with  ammonia,*  before  we  cau  proceed  to  ignite  and  weigh  it.  If  this 
supplementary  process  is  not  attended  to,  the  precipitate  will  always,  and 
dcspite  of  the  most  intense  ignition,  retain  sulphuric  acid.  For  the  properties 
of  the  precipitate  and  residue,  see  § 54.  The  method,  if  properly  executed, 
gives  very  accurate  results.  But  if  a considerable  excess  of  ammonia  is 
used,  more  particularly  when  no  ammoniacal  salts  are  present,  and  when 
the  addition  of  chloride  of  ammonium  has  been  omitted,  a very  consider- 
able loss  is  likely  to  be  incurred ; this  loss  is  the  greater  the  more  dilute 
the  solution,  and  the  shorter  the  time  which  elapses  betweeu  the  precipi- 
tation and  filtration  (§  54). 

b.  By  direct  ignition. 

a.  Compounds  of  alumina  with  volatile  acids. 
aa.  In  the  solid  state. 

Expose  the  salt  (in  the  case  of  sesquichloride  of  aluminium,  after  previous 
addition  of  water)  in  a platinum  crucible  to  a red  heat,  gentle  at  first,  but 
increased  gradually  to  the  very  highest  degree  of  intensity,  until  the  weight 
remains  constant.  For  the  properties  of  the  residue,  see  § 54.  The 
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purity  of  the  residue  must  be  carefully  tested.  This  method  gives  accurate 
results. 

bb.  In  solution. 

Evaporate  tbe  solution  to  dryness  in  the  water-bath,  and  proceed  with 
the  residue  as  directed  sub  aa. 

ß.  Compounds  of  alumina  ivith  organic  acids. 

The  same  method  as  described  § 82,  3.  a (Magnesia). 


§84. 

2.  SESQUIOXIDE  OF  CHROMIUM. 

a.  Solution. 

Many  of  the  Compounds  of  sesquioxide  of  chromium  are  soluble  in 
water.  Hydrated  sesquioxide  of  chromium,  and  most  of  the  salts  of  ses- 
quioxide of  chromium  insoluble  in  water,  dissolve  in  liydroehloric  acid. 
Ignition  renders  sesquioxide  of  chromium,  and  many  of  its  salts,  insoluble 
in  acids ; this  insoluble  modification  must  be  prepared  for  solution  in 
hydrochloric  acid,  by  fluxing  with  carbonate  of  soda  (§  22  a ).  A small 
quantity  of  sesquioxide  of  chromium  is  converted,  in  the  process  of  fluxing, 
into  chromic  acid,  by  the  action  of  the  air ; this  is,  however,  reduced  again 
to  sesquioxide,  upon  heating  with  hydrochloric  acid.  Addition  of  alcohol 
greatly  promotes  this  reduction. 

b.  Determination. 

Sesquioxide  of  chromium  may  be  weighed  in  the  pure  state,  or  it  may 
be  converted  into  chromic  acid,  and  its  weight  calculated  from  the  amount 
of  the  latter  (see  § 104).  The  several  compounds  of  sesquioxide  of 
chromium  are  reduced  to  the  sesquioxide  either  by  precipitation  as  hydrated 
sesquioxide,  and  subsequent  ignition,  or  by  simple  ignition. 

We  may  convert  into 


1.  PURE  SESQUIOXIDE  OF  CHROMIUM. 

a.  By  precipitation.  b.  By  ignition. 

All  compounds  of  sesquioxide  of  a.  All  salts  of  sesquioxide  of 
chromium  soluble  in  water,  and  also  chromium  with  volatile  oxygen 
those  which  insoluble  in  that  men-  acids,  provided  no  non-volatile  sub- 
struum,  dissolve  in  hydrochloric  stances  be  present, 
acid,  with  Separation  of  their  acid.  ß.  Salts  of  sesquioxide  of  chro- 
mium with  organic  acids. 

2.  Chromic  acid,  ormore  correctly  speaking,  alkaline  chromate. 

Sesquioxide  of  chromium  and  all  its  compounds. 

The  metliods  of  estimating  the  sesquioxide  of  chromium  in  its  combina- 
tions  with  chromic  acid,  phosphoric  acid,  boracic  acid,  and  silicic  acid,  will 
be  found  in  Part  II.  of  this  section,  under  the  respective  heads  of  these 
several  acids. 

1 . Determination  as  sesquioxide  of  chromium. 

a.  By  precipitation. 
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The  salt  is  dissolved  iu  a beaker-glass,  and  the  solution,  wliich  must  not 
be  too  highly  concentrated,  lieated  to  212°.  Ammonia  is  tlien  added 
sliglitly  in  excess,  and  the  mixture  exposed  for  half  an  hour  to  a tempera- 
ture  approacbing  boiling  heat.  After  tliis  the  fluid  is  filtered  off  from 
the  precipitate,  and  the  latter  well  washed  with  hot  water,  thoroughly 
dried,  and  ignited  (§  35).  The  heat  must  be  increased  gradually,  and  the 
crucible  kept  covered,  otherwise  some  loss  of  substance  is  likely  to  arise 
from  spirting,  upon  the  incandescence  of  the  sesquioxide  of  chromium  whicli 
marks  the  passing  of  the  soluble  into  the  insoluble  modification.  Care 
must  be  taken,  also,  not  to  filter  until  the  liquid  is  perfectly  colorless.  If 
the  fluid  be  passed  through  the  filter  wdiilst  it  looks  still  reddish,  a per- 
ceptible  loss  of  substance  will  be  incurred.  For  the  properties  of  the 
precipitate  and  residue,  see  § 55.  This  method,  if  properly  executed, 
gives  very  accurate  results. 

b.  By  direct  ignition. 

a.  Salts  of  sesquioxide  of  chromium,  with  volatile  acids. 

The  same  method  as  described,  § 83,  b.  a (Alumina). 

b.  Salts  of  sesquioxide  of  chromium  with  organic  acids. 

The  same  method  as  described,  § 82,  3.  a (Magnesia). 

2.  CONYERSION  OF  SESQUIOXIDE  OF  CHROMIUM  INTO  ALKALINE 
CHROMATE. 

(For  the  estimation  of  chromic  acid,  see  § 104.) 

The  two  following  methods  have  been  proposed  to  effect  the  conversion 
of  sesquioxide  of  chromium  into  alkaline  chromate. 

a.  The  solution  of  the  salt  of  sesquioxide  of  chromium  is  mixed  with 
solution  of  potassa,  or  soda  in  excess,  until  the  hydrated  sesquioxide, 
which  forms  at  first,  is  redissolved.  Chlorine  gas  is  tlien  conducted  into 
the  cold  fluid  until  it  acquires  a yellowish  red  tint ; it  is  then  mixed  with 
potassa  or  soda  in  excess,  and  the  mixture  evaporated  to  dryness ; the 
residue  is  ignited  in  a platinum  crucible.  The  whole  of  the  chlorate  of 
potassa  (or  soda)  formed  is  thereby  decomposed,  and  the  residue  consists, 
accordingly,  now  of  an  alkaline  chromate  and  chloride  of  potassium  (or 
sodium). — ( Vohl .) 

b.  Hydrate  of  potassa  is  lieated  in  a silver  crucible  to  calm  fusion  ; the 
heat  is  then  somewhat  moderated,  and  the  perfectly  dry  compound 
of  sesquioxide  of  chromium  put  into  the  crucible.  When  the  sesquioxide 
of  chromium  is  thoroughly  moistened  with  the  hydrated  potassa,  small 
lumps  of  fused  chlorate  of  potassa  are  added.  A lively  effervescence 
ensues  from  the  escape  of  oxygen ; at  the  same  time  the  mass  acquires 
a more  and  more  yellow  color,  and  becomes,  finally,  clear  and  transparent. 
Loss  of  substance  must  be  carefully  guarded  against. — (II.  Schwarz.) 
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FOURTH  GROUP  OF  THE  BASES. 

OXIDE  OF  ZINC PROTOXIDE  OF  MANGANESE  — PROTOXIDE  OF  NICKEL 

— PROTOXIDE  OF  COBALT PROTOXIDE  OF  IRON SESQUIQXIDE  OF 

IRON. 


§ 85. 

1.  OXIDE  OF  ZINC. 

a.  Solution. 

Many  of  the  salts  of  zinc  are  soluble  in  water.  Metallic  zinc,  oxide  of 
zinc,  and  the  salts  of  zinc,  which  are  insoluble  in  water,  dissolve  in  hydro- 
chloric  acid. 

b.  Determination. 

Oxide  of  zinc  is  invariably  weighed  as  such  (§  56).  The  conversion  of 
the  salts  of  zinc  into  the  oxide  is  effected  either  by  precipitation  as  carbo- 
nate  or  sulphide  of  zinc,  or  by  direct  ignition. 

We  may  convert  into 

OXIDE  OF  ZINC. 

a.  By  precipitation  as  carbonate 
of  zinc. 

All  the  salts  of  zinc  which  are 
soluble  in  water,  and  all  those  with 
organic  volatile  acids  ; likewise  those 
salts  of  zinc  which,  insoluble  in 
water,  dissolve  in  hydrochloric  acid, 
with  Separation  of  their  acid. 

c.  By  direct  ignition. 

Salts  of  zinc  with  inorganic  volatile  oxygen  acids. 

The  last  method  is  to  be  recommended  only  for  carbonate  of  zinc  and 
nitrate  of  zinc.  Sulphide  of  zinc  and  sulphate  of  zinc  require  a white 
heat  for  their  complete  conversion  into  the  oxide  (the  former  with  access 
of  air).  The  method  b.  is  only  resorted  to  in  cases  where  a.  is  inadmis- 
sible.  It  serves  more  especially  to  separate  oxide  of  zinc  from  other 
bases.  Salts  of  zinc  with  organic  acids  must  not  be  converted  into  the 
oxide  by  ignition,  since  this  process  would  cause  the  reduction  of  a small 
portion  of  the  oxide  to  the  metallic  state,  and  its  dissipation  in  vapor. 
If  the  acids  are  volatile,  the  zinc  may  be  determined  at  once  according  to 
method  a. ; if,  on  the  contrary,  the  acids  are  non-volatile,  the  zinc  may 
either  be  precipitated  as  sulphide,  or  the  salt  under  examination  may  be 
heated  to  gentle  redness,  the  residue  extracted  with  nitric  acid,  and  the 
solution  treated  according  to  a.  or  c.  The  methods  of  estimating  the 
oxide  of  zinc  in  its  combinations  with  chromic  acid,  pliosphoric  acid, 


b.  By  precipitation  as  sulphide 
of  zinc. 

All  compounds  of  zinc  without 
exception. 
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boracic  acid,  and  silicic  acid,  will  be  found  in  Part  II.  ol  this  section, 
under  the  respective  lieads  of  these  several  acids. 

Determination  as  oxide  of  sine. 

a.  By  precipitation  as  carbonate  of  sine. 

Heat  the  moderately  dilute  solution  of  tlie  salt  of  zinc  under  examination 
nearly  to  ebullition,  in  a high  and  capacious  flask ; add,  drop  by  drop, 
carbonate  of  soda  in  excess  ; place  the  flask  obliquely,  and  boil  the 
contents  a few  minutes ; Alter  off  the  fluid,  wash  the  precipitate  with  hot 
water,  dry  and  ignite  it,  as  directed  § 3G,  taking  care,  more  particularly, 
to  scrape  the  Alter  as  clean  as  may  be  practicable,  before  proceeding  to 
incinerate  it.  Should  the  solution  contain  ammoniacal  salts,  the 
ebullition  must  be  continued  until,  upon  a fresh  addition  of  the  carbonate 
of  soda,  the  escaping  vapor  no  longer  imparts  a brown  tint  to  turmeric 
paper.  If  the  quantity  of  ammoniacal  salts  present  is  considerable,  the 
fluid  must  be  evaporated  boiling  to  dryness,  the  flask  being  kept  all  the 
while  in  an  oblique  position.  It  is,  therefore,  in  such  cases  almost  more 
convenient  to  precipitate  the  zinc  as  sulphide  (see  b.). 

The  presence  of  a great  excess  of  acid  in  the  solution  of  zinc  must  be  as 
much  as  possible  guarded  against,  that  the  effervescence  from  the  escaping 
carbonic  acid  gas  may  not  be  too  impetuous.  The  filtrate  must  be  tested 
with  sulphide  of  ammonium,  to  ascertain  whether  the  whole  of  the  zinc 
has  been  precipitated  ; a slight  precipitate  will  indeed  invariably  form 
upon  the  application  of  this  test ; but,  if  the  process  has  been  properly 
conducted,  this  is  so  insignificant  that  it  may  be  aitogetlier  disregarded, 
being  limited  to  some  exceedingly  slight  and  imponderable  flakes,  which 
moreover  make  their  appearance  only  after  many  hours’  Standing  (comp. 
§ 50).  If  the  precipitate  is  more  considerable,  however,  it  must  be 
treated  as  directed  sub  b.,  and  the  weight  of  the  oxide  of  zinc  obtained 
added  to  that  of  the  first  process.  For  the  properties  of  the  precipitate 
and  residue,  see  § 56.  This  method  yields  pretty  accurate  results, 
though  the  numbers  found  in  most  cases  are  a little  below  those 
given  by  theoretical  calculation,  as  the  precipitation  is  never  absolut ely 
complete,  and  as  particles  of  the  precipitate  will  always  and  unavoidably 
adhere  to  the  Alter,  which  exposes  them  to  the  chance  of  reduction  and 
volatilization  during  the  process  of  ignition.  ün  the  other  band,  the 
results  sliow  sometimes  also  an  excess  over  the  numbers  tlieoretically 
calculated  ; this  is  owing  to  defective  washing  of  the  precipitate,  as  may 
be  seen  from  the  alkaline  reaction  which  the  residue  manifests  in  such 
cases. 

b.  By  precipitation  as  sulphide  of  sine. 

Mix  the  solution  of  zinc  with  ammonia  until  the  precipitate  which  forms 
at  first  is  redissolved  ; add  sulphide  of  ammonium  in  excess,  let  the 
precipitate  subside,  decant  the  supernatant  fluid  off  on  the  Alter,  transfer 
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tlie  precipitate  to  the  latter,  and  wash  it  with  water  containing  sulphide 
of  ammonium  ; put  the  moist  filter  with  the  precipitate  in  a beaker-glass, 
and  treat  it  with  concentrated  hydrochloric  acid  slightly  in  excess.  Put 
the  glass  now  in  a moderately  warm  place,  until  the  solution  smells  no 
longer  of  sulphuretted  liydrogen ; dilute  the  fluid  with  a little  water, 
filter,  wash  the  original  filter  with  hot  water,  and  proceed  with  the  solution 
of  cliloride  of  zinc  ohtained,  as  directed  sub  a. 

From  a solution  of  acetate  of  zinc  the  metal  may  be  precipitated  com- 
pletely,  or  nearly  so,  with  sulphuretted  hydrogen  gas,  even  if  an  excess 
of  acetic  acid  happens  to  be  present,  provided  always  no  other  acid  he 
present.  The  precipitated  sulphide  of  zinc  is  washed  with  water  im- 
pregnated  with  sulphuretted  hydrogen,  and,  for  the  rest,  treated  exactly 
like  the  sulphide  of  zinc  ohtained  by  precipitation  with  sulphide  of  ammo- 
nium. (Compare  the  Experiments,  sub  No.  67.) 

Small  quantities  of  sulphide  of  zinc  may  be  converted  directly  into  the 
oxide,  by  intense  ignition,  with  free  access  of  air. 

c.  By  direct  ignition. 

Expose  the  salt  in  a covered  platinum  crucible  to  a gentle  heat  at  first, 
which  is  gradually  increased  to  the  highest  degree  of  intensity,  until  the 
weight  of  the  residue  remains  constant. 

§ 86. 

2.  PROTOXIDE  OF  MANGANESE. 

a.  Solution. 

Many  of  the  salts  of  protoxide  of  manganese  are  soluble  in  water.  The 
pure  protoxide,  and  those  of  its  salts  which  are  insoluble  in  that  menstruum, 
dissolve  in  hydrochloric  acid,  which  dissolves  also  the  higher  oxides  of 
manganese.  The  solution  of  the  higher  oxides  is  attended  with  evolution 
of  chlorine,  and  the  fluid,  after  previous  application  of  heat,  is  found  to 
contain  protochloride  of  manganese. 

b.  Determination. 

Manganese  is  weighed  either  as  sulphate  of  protoxide  of  manganese,  or 
as  protosesyuioxide  of  manganese  (§  57).  Into  the  latter  form  it  is  con- 
verted either  by  precipitation  as  hydrated  protoxide,  or  as  carbonate  of  the 
protoxide  (sometimes  preceded,  in  the  latter  case,  by  precipitation  as 
sulphide  of  manganese),  and  subsequent  ignition,  or  by  direct  ignition. 

We  may  convert  into 

1.  PROTOSESQ.UI  OXIDE  OF  MANGANESE. 

a.  By  precipitation  as  carbonate  b.  By  precipitation  as  liydrated 
of  protoxide  of  manganese.  protoxide  of  manganese. 

All  the  soluble  salts  of  manganese  All  the  compounds  of  manganese, 
with  inorganic  acids,  and  all  its  with  the  exception  of  its  salts  with 
salts  with  volatile  organic  acids  ; non-volatile  organic  acids. 
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likewise  those  of  its  salts  which,  in- 


d.  By  direct  ignition. 

All  oxygen  compounds  of  man- 
ganese ; salts  of  manganese  with 
readily  volatile  acids,  and  with 
organic  acids. 

2.  SULPHATE  OF  PROTOXIDE  OF  MANGANESE. 

All  the  oxides  of  manganese,  and  likewise  all  its  salts 
with  volatile  acids,  provided  no  non-volatile  substance  be 
present. 

The  method  1 d.  is  the  most  simple  and  accurate,  and  is  therefore 
preferred  to  all  otliers,  wherever  it  is  admissible.  The  method  2,  is 
convenient  and  expeditious,  but  its  results  are  not  absolutely  accurate. 
The  method  1 c.  is  resorted  to  only  in  cases  wliere  the  application  of  none 
of  the  other  methods  is  admissible.  1 a.  is  gcnerally  preferred  to  1 b.  in 
cases  where  the  choice  is  permitted.  If  the  solution  of  manganese 
contains  sugar  or  some  similar  non-volatile  organic  substance,  neither 
1 a.  nor  1 b.  is  applicable,  and  recourse  must  be  had  to  1 c.  The  phos- 
phate  and  borate  of  protoxide  of  manganese,  are  treated  either  according 
to  the  directions  of  1 b.  or  to  those  of  1 c.  The  proportion  of  manganese 
in  the  silicate  of  the  protoxide,  is  determined  after  the  Separation  of  the 
silicic  acid  (§  111),  according  to  the  directions  of  1 a.  For  the  analysis 
of  cliromate  of  protoxide  of  manganese,  see  § 104  (chromic  acid). 

1.  Determination  as  protosesquioxide  of  manganese. 

a.  By  precipitation  as  carbonate  of  protoxide  of  manganese. 

The  solution  of  the  salt  under  examination  is  heated  to  212°,  and  is 
then  mixed  with  carbonate  of  soda  in  excess,  the  application  of  heat  being 
continued  for  some  time  longer — actual  ebullition  not  being  necessary  ; the 
fluid  is  then  filtered  off  from  the  precipitate  formed,  and  the  latter  iswashed, 
dried,  and  ignited,  as  directed  § 35.  The  lid  is  removed  from  the  crucible, 
and  the  heat  maintained  at  a high  degree  of  intensity,  until  the  weight 
ot  the  residue  remains  constant.  If  the  solution  contains  ammo- 
niacal  salts,  it  must  be  precipitated  in  a flask,  and  the  proccss  conducted 
exactly  as  directed  for  the  precipitation  of  zinc  as  carbonate  under  similar 
circumstances  (see  § 85  a).  For  the  properties  of  the  precipitate  and  resi- 
due, see  § 57.  This  method,  if  properly  executed,  gives  accurate  results. 

b.  By  precipitation  as  hydrated  protoxide  of  manganese. 

Precipitate  the  solution  of  the  salt  under  examination  by  solution  of 

soda  or  potassa,  and  proceed  in  all  other  respects  as  directed  sub  a. 


soluble  in  water,  dissolve  in  hydro- 
chloric  acid,  with  Separation  of  their 
acid. 

c.  By  precipitation  as  sidphide 
of  manganese. 

All  compounds  of  manganese 
without  exception. 
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If  phosphoric  acid  is  present,  or  boracic  acid,  tlie  solution  must  be 
precipitated  in  a flask,  and  the  precipitated  fluid  kept  boiling  for  some 
time  with  an  excess  of  soda  or  potassa,  which  will  effect  the  complete 
decomposition  of  the  phosphate  or  borate  of  protoxide  of  manganese. — 
For  the  properties  of  the  precipitate  see  § 57.  The  method  gives  accurate 
results. 

c.  By  precipitation  as  sulphide  of  manganese. 

Mix  the  manganese  solution  with  chloride  of  ammonium,  and  then  with 
ammonia,  until  the  alkali  predominates  ; add  yellow  sulphide  of  ammonium 
in  moderate  excess  ; let  the  precipitate  formed  subside  ; decant  the  super- 
natant  fluid  on  the  Alter,  transfer  the  precipitate  to  the  latter,  and  wash 
it  thoroughly,  and  without  interruption,  with  water  mixed  with  a little 
yellow  sulphide  of  ammonium.  Put  the  moist  Alter  with  the  precipitate 
into  a beaker-glass,  and  treat  it  with  dilute  hydrochloric  acid ; apply  heat 
until  the  mixture  smells  no  longer  of  sulphuretted  hydrogen,  wash  the 
residuary  paper  carefully,  and  proceed  with  the  filtrate  as  directed  sub  a. 

d.  By  direct  ignition. 

The  manganese  compound  under  examination  is  introduced  into  a 
platinum  crucible,  which  is  kept  closely  covered  at  flrst,  and  exposed  to  a 
gentle  heat ; after  a time,  the  lid  is  taken  off,  and  replaced  loosely  on  the 
crucible,  and  the  heat  is  increased  to  the  highest  degree  of  inten- 
sity,  until  the  weight  of  the  residue  remains  constant.  The  conversion 
of  the  higher  oxides  of  manganese  into  protosesquioxide  of  manganese 
requires  a more  intense  heat  and  a more  protracted  application  of  it  tlian 
the  conversion  of  the  protoxide  and  sesquioxide.  In  the  case  of  salts  of 
manganese  with  organic  acids,  care  must  always  be  taken  to  ascertainwhether 
the  whole  of  the  carbon  has  been  consumed;  and  should  the  contrary 
turn  out  to  be  the  case,  the  residue  must  either  be  redissolved  in  hydro- 
chloric acid,  and  the  solution  precipitated,  &c.,  as  directed  sub  a,  or  it 
must  be  repeatedly  evaporated  with  nitric  acid,  until  the  whole  of  the 
carbon  is  oxidized.  The  method,  if  properly  executed,  gives  accurate 
results.  In  the  ignition  of  salts  of  manganese  with  organic  acids,  minute 
particles  of  the  salt  are  generally  carried  oAT  along  with  the  empyreumatic 
products  evolved  in  the  process,  which,  of  course,  tends  to  reduce  the 
weight. 

2.  Determination  as  sulphate  of  protoxide  of  manganese. 

The  same  method  as  described  § 82,  1.  a.  For  the  properties  of  the  resi- 
due, see  § 5 7.  Care  must  be  taken,  more  particularly,  to  expose  the  residue 
to  a faint  red  heat  only,  as  a stronger  degree  of  heat  is  liable  to  cause  the 
expulsion  of  a minute  quantity  of  sulpliuric  acid,  which,  of  course,  would 
tend  to  reduce  the  resulting  number. 
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3.  PROTOXIDE  OF  NICKEL. 


a.  Solution. 

Many  of  tlie  salts  of  protoxide  of  nickel  are  soluble  in  water.  The  pure 
protoxide,  and  tliose  of  its  salts  which  are  insoluble  in  tliat  menstruum, 
dissolve,  without  exception,  in  liydrochloric  acid.  Metallic  nickel  dissolves 
slowly,  with  evolution  of  hydrogen  gas,  when  heated  with  dilute  hydro- 
chloric  or  sulpliuric  acid ; in  nitric  acid  it  dissolves  with  great  readiness. 
Sulphide  of  nickel  is  but  sparingly  soluble  in  hydrochloric  acid,  but  it 
dissolves  readily  in  nitrohydrochloric  acid.  Peroxide  of  nickel  dissolves  in 
hydrochloric  acid,  upon  the  application  of  heat,  to  protochloride,  the  Solu- 
tion being  attended  with  evolution  of  chlorine. 

b.  Determination. 

Protoxide  of  nickel  is  always  weiglied  as  such  (§  58).  The  compounds 
of  nickel  are  converted  into  the  pure  protoxide,  either  by  precipitation  as 
hydrated  protoxide,  preceded,  in  some  instances,  by  precipitation  as 
sulphide  of  nickel,  or  by  iguition. 

We  may  convert  into 
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b.  By  precipitation  as  sulphide 
of  nickel. 

All  compounds  of  nickel  without 
exception. 


a.  By  precipitation  as  hydrated 
protoxide  of  nickel. 

All  the  salts  of  nickel  with  in- 
organic  acids  which  are  soluble  in 
water,  and  all  its  salts  with  volatile 
organic  acids ; likewise  all  salts  of 
nickel  which,  insoluble  in  water,  dis- 
solve in  the  stronger  acids,  with  Se- 
paration of  their  acid. 

c.  By  ignition. 

The  salts  of  nickel  with  organic  acids,  and  with  readily 
volatile  oxygen  acids,  or  with  such  oxygen  acids  as  are  de- 
composed  at  a high  temperature  (carbonic  acid,  nitric  acid). 

The  method  c,  wherever  it  is  applicable,  is  preferable  to  the  other 
methods,  more  especially  in  the  case  of  salts  of  nickel  with  the  inorganic 
acids  pointed  out  sub  c.  The  method  a is  most  frequently  rcsorted  to. 
If  sugar  or  other  non-volatile  organic  substances  happen  to  be  present, 
they  must  either  be  destroyed  by  ignition  before  proceeding  to  the  solution 
and  precipitation  of  the  compound  under  examination,  or  the  method  b, 
of  which  the  application  otherwise  is  almost  exclusivcly  confined  to  eff^ct 
the  Separation  of  the  protoxide  of  nickel  from  other  bases,  must  be 
resorted  to.  The  methods  of  estimating  the  protoxide  of  nickel  in  its 
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combinations  with  chromic  acid,  phosphoric  acid,  boracic  acid,  and  silicic 
acid,  will  be  found  in  Part  II.  of  this  section,  under  tbe  respective  heads 
of  these  several  acids. 

Determination  as  protoxide  of  nickel. 

a.  By  precipitation  as  hydrated  'protoxide  of  niclcel. 

Mix  tbe  solution  of  nickel  in  a beaker-glass  with  pure  solution  of  potassa 
or  soda  in  excess,  heat  for  some  time  to  near  ebullition,  filter,  wasli  tbe  pre- 
cipitate  thoroughly  with  hot  water,  dry  and  ignite  (§  ,35).  Presence  of 
ammoniacal  salts,  or  of  free  ammonia,  does  not  interfere  with  the  precipita- 
tion. For  the  properties  of  the  precipitate  and  residue,  see  § 58-  This 
method,  if  properly  executed,  gives  very  accurate  results. 

b.  By  precipitation  as  sulphide  of  nickel. 

The  moderately  diluted  solution  of  nickel  is,  if  necessary,  neutralized  with 
ammonia  (still  the  reaction  shoukl  be  rather  slightly  acid  than  alkaline)  : 
perfectly  saturated  colorless  hydrosulphate  of  sulphide  of  ammonium  is 
then  added,  as  long  as  a precipitate  continues  to  form,  care  being  taken, 
however,  not  to  add  the  reagent  in  too  considerable  excess.  The  mixture  is 
now  well  stirred,  passed  through  a moistened  filter,  and  tbe  precipitate 
thoroughly  washed  with  a continuous  stream  of  distilled  water,  to  which 
one  or  two  drops  of  perfectly  saturated  colorless  hydrosulphate  of  sulphide 
of  ammonium  have  been  added.  Tbe  filtrate  and  the  rinsing  water  must  be 
perfectly  colorless.  The  precipitate  is  then  dried  in  the  funnel  (§  3.3), 
and  subsequentlv  removed  as  completely  as  possible  from  tbe  filter,  and 
transferred  to  a beaker-glass ; the  filter  is  incinerated  upon  the  lid  of  a 
platinum  or  porcelain  crucible,  and  the  ashes  are  added  to  the  dry  preci- 
pitate. The  precipitate  is  now  treated  with  concentrated  nitrohydrochloric 
acid,  and  the  mixture  digested  at  a gentle  heat,  until  the  wliole  of  the  sul- 
phide of  nickel  is  dissolved,  and  the  undissolved  sulphur  appears  of  a pure 
yellow  ; the  fluid  is  then  diluted,  filtered,  and  tbe  filtrate  precipitated, 
&c.,  as  directed  sub  a.  For  tbe  properties  of  the  precipitate,  see  § 58.  The 
method,  if  properly  executed,  gives  accurate  results. 

If  the  solution  contains  ammonia,  or  if  the  yellow  hydrosulphate  of  sul- 
phide of  ammonium  is  substituted  as  precipitant  for  the  colorless  hydrosul- 
phate, the  fluid  filtered  off  from  the  sulphide  of  nickel,  possesses  alwavs  a 
more  or  less  brownish  tint,  and  contains  sulphide  of  nickel,  which  it  is  found 
a difficult  task  to  remove  completely  from  it  by  mere  exposure  to  the  air. 
If  the  filter  were  not  incinerated,  but  treated  at  once,  togetlier  with  the 
precipitate,  with  nitrohydrochloric  acid,  the  solution  of  the  sulphide  of 
nickel  would  contain  an  admixture  of  organic  substances,  and  the  soda  or 
potassa  would  accordingly  afterwards  fail  to  effect  the  complete  precipitation 
of  the  nickel  from  it. 

c.  By  direct  ignition. 

The  same  method  as  described  § 86,  1.  d.  (Manganese.) 
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4.  PROTOXIDE  OF  COBALT. 

a.  Solution. 

Protoxide  of  cobalt  and  its  compounds  deport  themselves  vvith  solvents 
like  the  corresponding  compounds  of  nickel ; metallic  cobalt  like  metallic 
nickel. 

b.  Determination. 

The  accurate  estimation  of  cobalt  presents  considerable  difficulties,  since, 
as  Fremy  has  lately  shown,  the  liydrated  protoxide  thrown  down  by 
alkalies  is  not  pure,  as  was  formerly  supposed,  but  invariably  retains 
traces  of  the  acid,  and  a not  inconsiderable  admixture  of  the  precipitant 
alkali,  whicli  washing  fails  to  remove.  I tliouglit  the  metal  reduced  from 
the  oxide  by  hydrogen  gas,  might  be  freed  from  all  foreign  admixtures  by 
boiling  witli  water ; but  I found  that  it  could  not  be  accomplished  : the 
metallic  powder,  though  repeatedly  boiled  with  water,  still  continues  to 
impart  a brown  tint  to  turmeric  paper,  if  left  in  contact  with  it  for  some 
time.  The  old  method  of  estimating  cobalt,  by  precipitating  that  metal 
with  alkalies,  in  the  form  of  liydrated  protoxide,  must,  accordingly,  be 
altogether  discarded,  where  accurate  results  are  required. 

The  best  forms  into  which  to  convert  the  protoxide  of  cobalt  for  quanti- 
tative estimation,  are,  metallic  cobalt,  protosesquioxide  of  cobalt,  and  sul- 
phate  of  protoxide  of  cobalt ; the  conversion  into  the  latter  form  is  fre- 
quently  preceded  by  precipitation  as  sulphide  of  cobalt. 

We  may  convert  into 

1.  METALLIC  COBALT. 

All  salts  of  cobalt  that  may  be  reduced  directly  by  hydrogen  gas 
(sesquichloride  of  cobalt,  nitrate  of  protoxide  of  cobalt,  carbonate  of  pro- 
toxide of  cobalt,  &c). 

2.  PROTOSESQUI OXIDE  OF  COBALT.  (Co203,  CoO). 

Sesquioxide  of  cobalt  and  nitrate  of  protoxide  of  cobalt. 

3.  SULPIIATE  OF  PROTOXIDE  OF  COBALT. 

All  compounds  of  cobalt  without  exception. 

1 . Determination  as  metallic  cobalt. 

Evaporate  the  solution  of  sesquichloride  of  cobalt,  or  of  nitrate  of  pro- 
toxide of  cobalt,  and  which  must  be  free  from  sulphuric  acid  and  alkali, 
in  a weiglied  platinum  crucible,  to  dryness  ; cover  the  crucible  with  a lid 
having  a small  aperture  in  the  middle,  conduct  tlirough  tliis  a moderate 
current  of  pure  dry  hydrogen  gas,  and  thcn  apply  to  the  crucible  a gentle 
heat,  which  increase  gradually  to  intense  redness.  When  the  reduction  is 
considered  complete,  let  the  reduced  metal  cool  in  the  current  of  hydrogen 
gas,  weigh  and  ignite  again  in  the  same  way,  and  repcat  the  process  until 
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the  weight  of  the  reduced  metal  remains  constant.  The  results  are  accu- 
rate.  For  the  properties  of  cobalt,  see  § 59,  b. 

Fig.  40  shows  the  arrangement  of  the  reducing  apparatus. 


a is  the  crucible  witli  the  compound  of  cobalt,  b the  evolution  flask  ; 
c contains  sulphuric  acid,  d chloride  of  calcium. 

2.  Determination  as  protosescpiioxide  of  cobalt. 

Heat  the  nitrate  of  protoxide  of  cobalt,  or  the  pure  sesquioxide,  to  intense 
ignition,  and  repeat  the  process  until  the  weight  remains  constant.  For 
the  properties  of  the  residue,  see  § 59.  The  results  are  accurate. 

3.  Determination  as  sulphate  of  protoxide  of  cobalt. 

a.  By  direct  conversion. 

The  solution  of  the  compound  of  cobalt  is  evaporated  to  dryness,  in  a 
platinum  dish  or  platinum  crucible — (directly,  if  it  contains  sulphate  of  pro- 
toxide of  cobalt ; but  if  it  contains  axolatile  acid,  after  previous  addition  of 
sulphuric  acid,  slightly  in  excess) — and  the  residue  cautiously  lieated,  at  a 
gradually  increased  temperature,  which  is  finally  raised  to  gentle  redness ; 
the  application  of  heat  is  continued,  until  no  more  fumes  escape,  and  the 
weight  of  the  crucible  remains  constant. 

After  weighing,  the  salt  is  treated  with  hot  water.  If  tliis  fails  to  effect 
complete  solution  (a  sign  that  the  salt  lias  become  basic),  it  is  dissolved  in 
hydrochloric  acid,  and  the  amount  of  sulphuric  acid  is  then  estimated 
in  the  solution,  as  directed  § 105  ; the  quantity  of  the  protoxide  of  cobalt 
being  finally  estimated  from  the  difference.  The  results  are  accurate. 

For  the  properties  of  the  sulphate  of  protoxide  of  cobalt,  see  § 59. 

b.  Preceded  by  precipitation  as  sulphide  of  cobalt. 

Mix  the  solution  with  a little  chloride  of  ammonium,  add  ammonia  in 
excess,  and  then  sulphide  of  ammonium  until  the  formation  of  a precipitate 
ceases ; let  the  precipitate  subside,  filter  it  off,  wasli  with  water  mixed 
with  a little  sulphide  of  ammonium,  dry,  and  redissolve  as  directed 
§ 87  b.  (Sulphide  of  nickel.) 

The  solution  obtained  contains  invariably  sulphuric  acid ; the  amount 
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of  the  cobalt  in  it  is  determined  as  directed  in  the  preceding  section  (3.  a). 
The  results  are  accurate. 

For  the  properties  of  the  sulphide  of  cobalt,  see  § 59. 


§ 89. 

5.  PROTOX1DE  OF  IRON. 

a.  Solution. 

Many  of  the  compounds  of  protoxide  of  irou  are  soluble  in  water.  The 
pure  protoxide,  and  those  of  its  compounds  which  are  insoluble  in  water,  dis- 
solve  almost  witliout  exception  in  hydrochloric  acid  ; the  Solutions,  if  not 
prepared  with  perfect  exclusiori  of  air,  and  witli  solvents  absolutely 
free  from  air,  contain  invariably  more  or  less  sesquichloride.  Some  native 
compounds  of  iron  require  fluxing  with  carbonate  of  soda,  as  an  indispen- 
sable preliminary  to  their  solution  in  hydrochloric  acid.  The  Solutions  so 
prepared  contain  almost  exclusively  sesquichloride,  and  but  little  protochlo- 
ride,  or  none  at  all.  Metallic  irou  dissolves  in  hydrochloric  acid,  and  dilute 
sulphuric  acid,  with  evolution  of  hydrogen,  as  protochloride  or  sulphate  of 
protoxide  ; in  hot  nitric  acid  it  dissolves  as  nitrate  of  sesquioxide,  and  in 
nitrohydrochloric  acid,  as  sesquichloride. 

b.  Determination. 

The  amount  of  protoxide  of  iron  in  a compound,  may  bc  determined 
either  by  converting  the  protoxide  into  sesquioxide,  and  weighiug  the 
latter ; or  by  analysis  by  measure.  Both  methods  are  applicable  in  all 
cases. 

The  estimation  of  protoxide  of  iron,  from  the  quantity  of  gold,  reduced 
by  its  means  from  the  terchloride  of  that  metal,  will  be  treated  of  in  the 
paragraph  on  the  Separation  of  the  protoxide  from  the  sesquioxide  of  iron, 
as  it  is  only  had  recourse  to  for  that  purpose. 

1.  Determination  as  sesquioxide  of  iron. 

The  solution  of  the  protoxide  is  converted  into  solution  of  sesquioxide, 
and  afterwards  treated  as  directed,  § 90.  In  some  cases  (see  § 90),  and 
especially  in  the  Separation  of  the  protoxide  of  iron  from  other  oxides, 
the  protoxide  is  first  precipitated  as  sulphide  of  iron,  in  the  mauner 
described  § 90. 

The  following  is  the  best  method  of  peroxidising  a solution  of  protoxide 
of  iron  : — 

Mix  tbe  solution  of  the  protoxide  of  iron  with  a little  hydrochloric  acid, 
if  it  does  not  already  contain  that  acid,  add  some  nitric  acid,  and  lieat  the 
mixture  to  incipient  ebullition.  The  color  of  the  fluid  will  show  whether 
the  nitric  acid  has  been  added  in  suflicient  quantity.  Thougli  an  excess  of 
nitric  acid  does  no  barm,  still  it  is  better  to  avoid  adding  too  much  of  it, 
on  account  of  the  subscquent  precipitation.  In  concentrated  Solutions, 
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the  addition  of  nitric  acid  produces  a dark  brown  color,  which  disap- 
pears  again  upon  heating.  Tliis  color  is  owing  to  the  nitric  oxide 
formed  dissolving  in  the  still  undecomposed  portion  of  the  solution  of  the 
protoxide. 

The  conversion  of  the  protoxide  into  sesquioxide  may  likewise  be  effected 
by  transmitting  chlorine  gas  through  the  solution,  or  by  adding  to  it 
chlorine  water  in  excess,  or  by  heating  the  hydrochloric  acid  solution  with 
chlorate  of  potassa. 

2.  Estimation  by  analysis  by  measure. 

a.  Marguerite’s  method. 

This  method  is  based  upon  the  following  principle  : — 

If  we  add  to  a solution  of  protoxide  of  iron,  containing  an  excess  of  acid 
permanganate  of  potassa,  the  former  is  peroxidised,  at  the  expense  of 
the  latter,  which  suffers  reduction  [10  (FeO,  S03)+8  S03  -j-KO,  Mn20, 
= 5 (Fe203,  3 S03)  + K0,  S03-f2(Mn0,  S03)].  Now,  if  we  liave  a 
solution  of  permanganate  of  potassa,  of  which  we  know  the  exact  quan- 
tity  required  to  convert  one  gramme  of  iron  from  the  state  of  protoxide  to 
that  of  sesquioxide,  we  can,  by  this  means,  readily  determine  an  unknown 
quantity  of  iron  ; we  need  simply,  for  this  purpose,  bring  the  iron  into 
acid  solution,  in  the  form  of  protoxide,  peroxidize  the  solution  accurately, 
and  see  how  many  volumes  of  the  solution  of  permanganate  of  potassa 
have  been  used  to  accomplish  that  end. 

a a.  Preparation  of  the  solution  of  permanganate  of  potassa. 

Mix  8 parts  of  finely  pulverized  binoxide  of  manganese  with  7 parts  of 
finely  pulverized  chlorate  of  potassa,  add  to  the  mixture  a most  highly  con- 
centrated  solution  of  10  parts  of  hydrate  of  potassa,  and  evaporate  to  dryness, 
taking  care  to  stir  the  mass  ; put  the  residue,  before  it  has  absorbed  mois- 
ture,  into  a Hessian  crucible,  or,  better  still,  into  a platinum  crucible,  and 
heat  gently  (to  faint  redness  at  the  most),  until  the  chlorate  of  potassa  is 
completely  decomposed.  Triturate  the  green  mass,  and  boil  it  with  water, 
until  the  green  color  of  the  manganate  of  potassa  has  changed  to  the  violet 
tint  of  the  permanganate,  which  change  is  attended  with  Separation  of 
hydrated  hinoxide  of  manganese.  The  decomposition  may  be  expedited 
by  the  cautious  addition  of  a little  nitric  acid.  The  solution  is  decanted  off, 
or  filtered  through  asbestos,  and  kept  in  a well  stoppered  bottle.  The 
precipitate  affords  an  excellent  material  for  the  preparation  of  a fresli  quan- 
tity of  solution. 

b b.  Determination  of  the  strengtli  of  the  solution. 

Weigh  off  about  one  gramme  of  fine  iron  wire  (pianaforte  string  wire), 
free  from  rust,  coil  it  firmly  together,  put  it  in  a flask  of  about  1000  cubic 
eentimeters  capacity,  and  add  about  25  cubic  centimeters  of  pure 
hydrochloric  acid,  and  a little  water ; close  the  flask  with  a perforated 
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cork,  in  which  a glass  tube  is  fitted,  open  at  both  ends  ; heat  the  contents 
of  the  flask  until  the  iron  wire  is  completely  dissolved,  and  dilute  the 
solution  with  about  500  cubic  eentimeters  of  cold  water. 

Now  fill  your  burette  with  the  solution  of  permanganate  of  po- 
tassa,  and  add  this  in  small  portions  to  the  colorless  solution  of  proto- 
chloride  of  iron,  agitating  all  the  while,  until  the  latter  just  begins 
to  exliibit  a pale  red  tint,  which  the  agitation  of  the  fluid  fails  to  dissi- 
pate.  Read  off  now  the  number  of  volumes  used,  and  dilute  the  test 
fluid  to  the  extent,  that  50  cubic  eentimeters  =100°,  correspond  exactly  to 
one gramme  ofiron.  This  is  effected  in  the  following  way : suppose  we  had 
used  0*95  grm.  of  iron,  and  80°  of  permanganate  of  potassa.  The 
equation 

o-95  ; 80::  l : x=84-2 

sliows  that  we  should  have  required  84*2°  of  the  solution  of  permanga- 
nate of  potassa,  had  we  weighed  off  exactly  1 gramme  of  iron,  a task 
diflicult  to  accomplish. 

100°  - 84*2°  = 15-8°. 

We  have  accordingly  to  add  to  every  84‘2°  of  our  solution  of  per- 
manganate of  potassa,  15‘80  of  water,  to  bring  it  to  the  proper  degree  of 
dilution.  A portion  of  the  concentrated  fluid  is  kept,  to  remedy  any 
eventual  decomposition  of  the  test  solution. 

The  rules  laid  down  here  must  be  strictly  attended  to.  For  instance,  if 
you  do  not  dilute  your  iron  solution,  or  use  it  whilst  hot,  chlorine  will  be 
evolved ; if  you  do  not  make  it  sufficiently  acid,  or  add  the  solution  of 
permanganate  of  potassa  too  quickly,  a brown  precipitate  (binoxide 
of  manganese  -f  sesquioxide  of  iron)  will  separate  ; this,  however,  is  mostly 
redissolved,  on  shakiug  the  fluid.  The  reddened  solution  invariably  loses 
its  color  again  after  a time,  as  a dilute  solution  of  free  permanganic 
acid  cannot  keep  long  undecomposed. 

For  the  analysis  of  very  dilute  Solutions  of  iron,  e.  g.,  ferruginous  mine- 
ral waters,  ten  or  a hundred  times  more  dilute  test  fluids  should  be  prepared ; 
of  which  100°  will  accordingly  correspond  respectively  to  0T  and  to  0*01 
grm.  of  iron. 

As  the  test  fluid  suffers  gradual  decomposition,  however  carefully  it 
may  be  kept,  each  fresh  analysis,  made  after  an  interval  of  some  time, 
must  be  preceded  by  a fresh  determination  of  its  streugth,  for  which  end 
a portion  of  the  concentrated  solution  reserved  is  added  to  the  test  fluid. 
Care  should  be  taken  to  dilute  the  iron  solution  used  to  determine  the 
strength  of  the  test  fluid,  to  the  same  volume  which  it  is  intended  to  use 
of  the  iron  solution  to  be  examined.  This  is  necessary,  more  particularly, 
in  cases  where  we  have  to  analyse  very  dilute  Solutions  (ferruginous  mineral 
waters,  for  instance),  sinee  in  such  cases  we  have  to  employ  a very 
dilute  test  fluid,  and  of  which  several  volumes  are  required  to  impart  to 
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pure  water  a distinct  color.  Inequality  of  the  quantities  of  water  used 
respectively  in  determining  tlie  strength  of  the  test  fluid,  and,  sub- 
sequently,  in  the  actual  analysis,  may  accordingly  lead  to  inaccuracy  in  the 
results. 

The  best  way  is  to  ascertain  bv  experiment  how  many  volumes  or  de- 
grees  of  the  dilute  solution  of  permangauate  of  potassa  are  required  to 
impart  the  requisite  pale  red  coloration  to  a measure  of  pure  water,  equal 
to  that  of  the  iron  solution  employed  to  determine  the  strength  of  the 
test  fluid,  or  of  the  solution  of  protoxide  of  iron,  which  it  is  intended  to 
analyse ; and  to  subtract  the  number  of  volumes  so  required  from  that  of 
the  volumes  of  the  solution  of  permangauate  of  potassa  used  in  those 
processes.  If  this  is  omitted,  the  degrees  required  to  impart  the  proper 
color  do  not  correspond  with  those  required  to  effeet  the  peroxidation 
of  the  protoxide  in  the  solution  to  be  analysed,  which,  of  course,  must 
tend  to  impair,  more  or  less,  the  correctness  of  the  results. 

c c,  Performance  of  the  analytical  process. 

This  has  already  been  fully  indicated  in  b b. 

The  solution  of  protoxide  of  iron  is  properly  acidified  and  diluted,  and 
the  test  fluid  is  then  added,  uutil  the  solution  begins  to  exhibit  a pale  red 
tint. 

If  exactly  one  gramme  has  been  dissolved  of  the  substance  to  be  ana- 
lysed, the  number  of  volumes  or  degrees  used  of  the  test  fluid  indicates 
directly  the  percentage  amount  of  metallic  iron  present ; if  more  or  less  than 
one  gramme  of  substance  has  been  used,  the  quantity  of  iron  may  be  found 
by  an  easy  calculation.  For  the  method  of  determining  the  total  amount 
of  iron  present  in  a solution  containing  both  protoxide  and  sesquioxide  of 
that  metal,  I refer  to  § 90  ; for  that  of  determining  the  respective  sepa- 
rate amounts  of  the  sesquioxide  and  of  the  protoxide,  to  Section  V. 

h.  Penmfs  method  (recommended  subsequently  by  Schabus). 

If  bicliromate  of  potassa  is  added  to  an  acid  solution  of  protoxide  of  iron, 
the  latter  is  converted  into  sesquioxide,  whilst  the  cliromic  acid  is  reduced 
to  sesquioxide  of  chromium  (6  Fe0  + 2Cr03=3  Fe203  + Cr203). 

Now,  it  takes  0-8849  grm.  of  bicliromate  of  potassa,  to  convert  1 
gramme  of  iron  from  the  state  of  protoxide  to  that  of  sesquioxide.  If, 
therefore,  8*849  grammes  of  bicliromate  of  potassa  are  dissolved  in  water, 
and  the  solution  is  diluted,  until  the  fluid  measures  exactly  500  cubic  cen- 
timeters,  50  cubic  centimeters  of  it  will  correspond  exactly  to  1 gramme  of 
metallic  iron. 

Care  must  be  taken  to  use  perfectly  pure  bicliromate  of  potassa,  and  to 
dry  it  thoroughly  at  212°,  previously  to  weighing  off  the  required  quantity. 

Besides  the  actual  test  fluid,  another  should  be  prepared,  ten  times 
more  dilute,  and  a third,  a hundred  times  more  dilute. 

It  is  always  advisable  to  test  the  correctness  of  the  quantitative  compo- 
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sition  of  the  solution  of  bichromate  of  potassa,  by  converting  with  it  a 
known  amount  of  pure  iron  from  the  state  of  protoxide  to  tbat  of  sesqui- 
oxide. 

The  actual  analysis  is  performed  as  follows  : — 

The  solution  of  protoxide  of  iron  is  sufficiently  diluted,  mixed  with 
hydrochloric  or  dilute  sulphuric  acid,  and  the  test  fluid  slowly  added 
from  the  burette,  the  liquid  being  all  the  while  stirred  with  a tliin  glass 
rod.  The  fluid,  which  is  at  first  nearly  colorless,  acquires  speedily  a 
pale  green  tint,  which  changes  gradually  to  dark  chrome-green.  A very 
small  drop  of  the  mixture  is  now  from  time  to  time  taken  out  by  means  of 
the  stirring-rod,  and  brought  into  contact  with  a drop  of  a solution  of 
ferricyanide  of  potassium  on  a porcelain  plate,  on  which  a great  many 
drops  of  that  solution  are  sprinkled  for  the  purpose.  When  the  blue 
coloration  thereupon  ensuing  begins  to  lose  the  intensity  which  it  exlii- 
bited  on  the  first  trials,  and  to  assume  a paler  tint,  the  addition  of  the  so- 
lution of  bichromate  of  potassa  must  be  more  carefully  regulated  than  at 
first,  and  towards  the  end  of  the  process,  a fresh  essay  must  be  made,  and 
with  larger  drops  than  at  first,  after  eacli  new  addition  of  two  drops,  and 
finally  of  one  drop.  When  no  further  blue  coloration  ensues,  the  oxidation 
is  terminated.  From  the  remarkable  sensitiveness  of  the  reaction,  the  exact 
point  may  be  easily  hit  to  a drop.  To  heighten  the  accuracy  of  the  results, 
the  dilute  (ten  times  weaker)  test  fluid  should,  towards  the  end  of  the  pro- 
cess, be  substitutcd  for  the  concentrated  solution  of  bichromate  of  potassa. 

lf  exactly  one  gramme  has  been  dissolved  of  the  substance  to  be  ana- 
lysed,  the  number  of  volumes  or  degrees  used  of  the  concentrated  test 
fluid  shows  how  many  per  cent  that  of  the  volumes  used  of  the  dilute  test 
fluid,  how  many  tenth  per  cent  of  pure  iron  the  analysed  substance  contains 
in  the  form  of  protoxide.  For  the  manner  of  proceeding  in  presence  of 
sesquioxide  of  iron,  I refer  to  § 90. 

Of  the  two  preceding  methods  of  analysis  by  measure,  the  first  presents 
the  advantage  that  the  termination  of  the  process  of  oxidation  is  clearly 
indicated  in  it  by  the  ensuing  red  coloration  of  the  solution  ; whilst  the 
second,  on  the  other  hand,  has  this  very  essential  point  in  its  favor,  that 
the  solution  of  bichromate  of  potassa  may  be  easily  prepared,  and  kept 
unaltered. 

§ 90. 

fi.  SESQUIOXIDE  OF  IRON. 

a.  Solution. 

Many  of  the  compounds  of  sesquioxide  of  iron  are  soluble  in  water.  Pure 
sesquioxide  of  iron,  and  most  ofthose  of  its  compounds  which  are  insoluble 
in  water,  dissolve  in  hydrochloric  acid,  butmany  of  them  only  slowly  and  with 
difticulty ; compounds  of  this  nature  are  best  dissolved  in  concentrated 
hydrochloric  acid,  ina  flask,  with  the  aid  of  heat ; which,  liowever,  should 
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not  be  allowed  to  reacli  ebullition ; the  compound  must,  moreover,  be  fiiiely 
comminuted,  and  even  tben  it  will  often  take  many  hours  to  effect  complete 
solution.  Iron  ores  insolublein  hydrochloric  acid  are  prepared  for  solution 
by  fluxing  witli  carbonate  of  soda. 

b.  Determination. 

Sesquioxide  of  iron  is  invariably  weigbed  as  such  (§  60).  It  may, 
however,  be  estimated  also  indirectly,  and  also  by  analysis  by  measure, 
after  previous  reduction  to  protoxide.  The  conversion  of  compounds 
of  iron  into  sesquioxide  is  effected  either  by  precipitation  as  liydrated  ses- 
quioxide,  preceded  in  some  cases  by  precipitation  as  sulphide  of  iron,  or  as 
succinate  of  sesquioxide  of  iron  ; or  by  ignition. 

We  may  convert  into 

SESQUIOXIDE  OF  IRON. 

a.  By  precipitation  as  liydrated  sesquioxide. 

All  salts  of  iron  with  inorganic  or  volatile  organic  acids,  wliich  are  solu- 
ble  in  water ; and  likewise  those  whicb,  insoluble  in  that  menstruum,  dis- 
solve  in  hydrochloric  acid,  with  Separation  of  their  acid. 

b.  By  precipitation  as  sulphide  of  iron. 

All  compounds  of  iron  without  exception. 

c.  By  precipitation  as  succinate  of  sesquioxide  of  iron. 

The  compounds  enumerated  sub.  a. 

d.  By  ignition. 

All  salts  of  sesquioxide  of  iron  with  volatile  oxygen  acids. 

The  method  d is  most  expeditious  and  accurate,  and  is  accordingly  pre- 
ferred in  all  cases  where  its  application  is  admissible.  The  method  b serves 
principally  to  effect  the  Separation  of  the  sesquioxide  of  iron  from  other 
bases  ; it  is  resorted  to  also  in  certain  instances  where  a is  inapplicable, 
especially  in  cases  where  sugar,  or  other  non-volatile  organic  substances  are 
present ; and  also  to  estimate  the  sesquioxide  of  iron  iu  its  compounds 
with  phosphoric  acid  and  boracic  acid.  The  method  c is  used  exclusively 
to  effect  the  Separation  of  the  sesquioxide  of  iron  from  other  bases.  For 
the  manner  of  determining  the  sesquioxide  of  iron  in  the  chromate  and 
silicate,  I refer  to  §§  104  and  111. 

The  indirect  method,  and  that  of  analysis  by  measure  are  applicable  in 
almost  all  cases. 

1 . Determination  as  sesquioxide  of  iron. 

Dissolve  the  compound  under  examination  in  its  appropriate  menstruum 
in  a dish  or  beaker-glass,  and  add  to  the  solution,  ammonia  in  excess ; 
lieat  to  ebullition ; filter,  wash  the  precipitate  carefully  with  hot  water, 
dry  it  thoroughly,  and  ignite  in  the  manner  directed  in  § 35  ; keeping  the 
crucible  covered  at  first,  and  exposed  to  a gentle  lieat  only ; removing  the 
lid  subsequently,  and  leaning  it  obliquely  against  the  crucible,  placed  in 
the  manner  shown  in  Fig.  37,  and  then  applying  a more  intense  heat. 
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This  method,  if  properly  and  carefully  executed,  yields  very  accurate 
results,  and  is  free  from  sources  of  error.  Should  the  operator  have 
reasou  to  fear  that  part  of  the  sesquioxide  has  suflered  reduction  by  the 
carbon  of  the  filter,  he  need  simply  moisten  the  contents  of  the  crucible 
with  nitric  acid,  evaporate  and  iguite  again  ; by  this  process  he  is  sure  to 
obtain  all  the  iron  present,  in  the  form  of  sesquioxide. 

For  the  properties  of  the  precipitate  and  residue,  see  § 00.  The  precipitate 
must,  under  all  circumstances,  be  carefully  washed,  since,  should  it  retain 
any  traces  of  chloride  of  amraonium,  a portion  of  the  iron  would  volatilize 
in  the  form  of  sesquichloride. 

b.  By  precipitation,  as  sulphide  of  iron.  The  iron  compound  under 
examination  is  dissolved  in  its  appropriate  menstruum,  in  a beaker-glass, 
and  ammonia  added  to  complete  neutralization  of  the  free  acid  present. 
(In  the  ahsence  of  organic  non-volatile  substances,  a little  hydrated  sesqui- 
oxide of  iron  precipitates  ; however,  this  is  of  no  consequence.)  Sulphide 
of  ammonium  is  then  added  in  excess,  and  a gentle  heat  applied.  The 
operator  generally  obtains,  in  this  manner,  a black  precipitate  in  a colorless 
or  yellowish  fluid,  in  which  case  he  may  at  once  proceed  to  filtration  ; but 
should  the  fluid  exhibit  a greenish  color — which  happeus  particularly  with 
very  dilute  Solutions,  and  is  owing  to  extremely  minute  particles  of  sul- 
phide of  iron  remaining  mechanically  suspended  in  the  fluid — the  beaker- 
glass,  covered  with  a glass  plate,  must  be  kept  standing  at  rest  in  a 
moderately  warm  place,  until  the  greenish  tint  has  ehanged  to  yellow,  when 
the  fluid  may  be  filtered.  In  eitlier  case,  the  precipitate  is  washed  unin- 
teruptedly  with  water,  mixed  with  a small  amount  of  sulphide  of  ammo- 
nium, the  funnel  being  kept  covered  all  the  wliile.  Neglect  of  these 
precautions  will  occasion  some  loss  of  substance,  the  sulphide  of  iron 
gradually  combining  with  the  oxygen  of  the  air,  and  passing  tlius 
into  the  filtrate  as  sulphate  of  protoxide  of  iron.  As  this  sulphate  is 
reprecipitated  by  the  sulphide  of  ammonium  present,  the  filtrate  assumes, 
in  such  cases,  a greenish  color,  and  deposits  gradually  a black  precipitate. 

The  washed  precipitate  of  sulphide  of  iron  is  put,  togetlier  with  the  filter, 
into  a beaker-glass,  some  water  added,  and  then  hydrochloric  acid, 
until  the  whole  of  the  sulphide  of  iron  present  is  redissolved.  Ileat 
is  now  applied,  until  the  solution  smells  no  longer  of  sulphuretted 
hydrogen ; the  solution  is  filtered  into  a flask,  the  filter  carefully  washed, 
and  the  filtrate  peroxidized  by  heating  with  nitric  acid  (see  § 89)  ; the 
peroxidized  solution  is  finally  treated  as  sub  a. 

If  a solution  of  potassio,  sodio,  or  ammonio-tartrate  of  sesquioxide  of 
iron  contains  a considerable  excess  of  alkaline  carbonate,  the  precipitation 
of  the  iron  as  sulphide  is  prevented  more  or  less  ( Blumenau ).  In  such 
cases  the  fluid  must  therefore  be  nearly  neutralized  with  an  acid,  before 
the  precipitation  with  the  sulphide  of  ammonium  can  be  effected. 
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c.  By  precipitation  as  succinate  of  sesquioxide  of  iron. 

The  salt  of  iron  under  examiuation  is  dissolved  in  the  appropriate 
menstruum,  in  a flask,  and  very  dilute  solution  of  ammonia  added  drop 
by  drop  until  a small  portion  of  the  iron  precipitates  in  the  form  of 
hydrated  sesquioxide  ; a gentle  lieat  is  then  applied,  to  ascertain  whether 
the  precipitate  will  redissolve  or  not.  If  it  redissolves,  the  addition  of 
dilute  ammonia  is  continued,  until  the  application  of  heat  fails  to  redissolve 
the  precipitate  formed.  If,  on  the  contrary,  it  remains  undissolved,  and 
the  fluid  continues  to  exhibit  a brownish  red  color,  all  the  preliminary  con- 
ditions  requisite  for  precipitation  witli  succinate  of  ammonia  are  fulfilled. 
But  should  the  fluid  appear  colorless,  this  is  a sign  that  too  much 
ammonia  has  been  added ; in  which  case,  it  will  be  necessary  to  add 
a small  portion  of  hydrochloric  acid,  and  then  again  some  ammonia  until 
the  desired  point  is  attained.  To  the  fluid  thus  prepared,  is  now  added  a 
perfectly  neutral  solution  of  succinate  of  ammonia,  as  long  as  a precipitate 
continues  to  form  ; a gentle  heat  is  then  applied,  and  the  fluid  is  after- 
wards  allowed  to  cool ; when  perfectly  cold,  it  is  filtered,  and  the  preci- 
pitate washed  first  with  cold  water,  finally  with  hot  solution  of  ammonia — 
which  Operation,  depriving  the  precipitate  in  a very  great  measure  of  its 
acid,  imparts  a darker  tint  to  it.  The  washed  preeipitate  is  dried  upon 
the  Alter  in  the  funnel ; the  dry  Alter,  together  with  its  contents,  is  then 
put  in  a platinum  crucible,  and  the  latter  exposed  to  the  action  of  heat, 
first  with  the  lid  on,  afterwards  with  the  lid  off,  and  with  a current  of  air 
directed  upon  the  Alter  and  precipitate,  until  the  former  is  thoroughly 
incinerated,  and  the  latter  converted  into  red  oxide  (sesquioxide).  The 
object  of  washing  the  precipitate  with  ammonia  is  to  remove  part  of  the 
acid,  since,  were  this  neglected,  and  the  precipitate  simply  washed  with 
water,  a portion  of  the  sesquioxide  of  iron  might  suffer  reduction  upon  the 
subsequent  ignition  of  the  succinate.  For  the  properties  of  the  precipitates, 
see  § 60.  The  results  are  accurate. 

d.  By  ignition. 

Expose  the  compound,  in  a covered  crucible,  to  a gentle  heat  at  first ; 
w'hich  increase  gradually  to  the  highest  degree  of  intensity,  until  the 
weight  of  the  residuaiy  sesquioxide  of  iron  remains  constant. 

2.  Indirect  method  of  estiniating  iron,  recommended  by  Fuchs.  (Journ. 
für  prakt.  Chem.  17,  160.) 

Fuchs  method  is  based  upon  the  circumstance  that  sesquichloride  of 
iron  in  solution,  when  boiled  with  metallic  copper,  is  reduced  to  protochlo- 
ride,  a corresponding  amount  of  copper  dissolving  as  subcliloride.  (Fe2 
Cl3  q.  2 Cu  = 2 FeCl  + Cu2Cl).  Accordingly,  if  we  know  the  quan- 
tity  of  copper  dissolved,  we  may  readily  calculate  from  this  the  amount  of 
the  iron,  every  one  equivalent  of  dissolved  copper  corresponding  to  one 
equi valent  of  iron,  or  to  one-half  equivalent  of  sesquioxide  of  iron. 
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The  substance  under  examination  is  dissolved  in  a mannner  to  convert 
the  whole  of  the  iron  present  into  sesquichloride.  The  hydrocliloric  acid 
must  strongly  predominate,  that  the  subchloride  of  eopper  formed  in  the 
process  may  be  sure  to  continue  in  solution.  Should  a portion  of  the  iron 
have  dissolved  as  protochloride,  chlorine  water  or  chlorate  of  potassa  is 
added,  to  convert  tliis  protochloride  into  sesquichloride,  and  the  fluid  is 
boiled  (the  flask  being  placed  obliquely)  until  the  whole  of  the  free  chlorine 
or  of  the  inferior  oxides  of  chlorine  are  expelled.  Nitric  acid  must  not  be 
used  to  peroxidize  the  protoxide.  An  insoluble  residue  (alumina,  silicic 
acid)  will  sometimes  remain  upon  the  solution  of  the  substance ; this, 
however,  does  not  entail  the  necessity  of  filtration. 

The  solution  is  now  diluted  with  hot  water  sufficient  to  All  the 
flask  more  than  half,  and  strips,  about  ö centimeters  long,  and  2 wide,  of 
clean,  rather  stout  sheet  eopper,  are  thrown  into  it  (for  2 or  3 
grammes  of  sesquioxide  of  iron  in  the  solution,  15  to  20  grammes  of 
eopper  are  used)  ; the  flask  being  closed  with*  a cork  having  a glass 
tube  of  moderate  diameter  fitted  in  it,  is  then  placed  obliquely,  or,  at 
all  events,  so  that  the  eopper  is  completely  covered  by  the  liquid,  and  the 
latter  is  rapidly  heated  to  ebullition. 

The  fluid  speedily  changes  color  ; at  first  it  looks  dark  brown,  becomes 
gradually  lighter,  and  turns  at  last  of  a pale  green.  When  there  is  no 
further  change  of  color,  the  glass  tube  is  closed  with  some  wax,  or  with  a 
little  caoutchouc  tube  having  one  end  stopped  up  with  a small  piece  of 
glass-rod ; the  fluid  is  allowed  to  cool  a little,  and  the  flask  is  then  filled  up 
with  hot  water,  the  liquid  is  poured  off,  the  flask  filled  again  with  hot 
water,  the  fluid  poured  off  again,  the  eopper  taken  out,  carefullv  rinsed, 
first  with  a little  dilute  hydrochloric  acid,  afterwards  with  water,  put  ou 
blotting  paper,  and  turned  about,  but  without  rubbing  it  against  the  paper 
(the  dark  coating  which  it  exliibits  occasionally  must  not  be  meddled  with)  ; 
the  eopper  is  then  dried  in  a warm  place,  and  weighed. 

The  results  are  pretty  accurate. 

3.  Determination  by  analysis  by  measure. 

The  sesquioxide  of  iron  is  reduced  to  the  state  of  protoxide,  and  the  solu- 
tion of  the  latter  is  then  again  peroxidized  by  a sufficient  quantity  of  an 
oxidizing  agent  of  accurately  known  power.  Here  we  have  to  occupy  our- 
selves  simply  with  the  reduction  of  the  sesquioxide,  the  remainder  of  the 
process  having  been  fully  discussed  in  § 89,  2. 

a.  Reduction  by  sulphuretted  hydrogen. 

Mix  the  warm  hydrochloric  acid  solution,  in  a flask,  with  saturated 
sulphuretted  hydrogen  water  in  excess,  or,  if  you  have  larger  quantities  of 
substance  to  deal  with,  conduct  sulphuretted  hydrogen  gas  into  it,  until  the 
fluid  smells  strongly  of  that  gas ; place  the  flask  obliquely,  and  heat  to 
gentle  ebullition,  until  the  sulphuretted  hydrogen  is  completely  expelled. 
There  is  no  need  to  filter  off  the  precipitatcd  sulphur. 
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b.  Reduction  by  zinc. 

Strips  of  pure  slieet  zinc,  free  from  iron,  are  put  into  the  hydrochloric 
acid  solution.  This  leads  to  the  evolution  of  some  hydrogen  gas,  and,  in 
presence  of  nitric  acid,  nitrous  oxide  gas.  The  color  of  the  solution  is 
paler  in  proportion  as  the  sesquioxide  changes  to  protoxide.  If  the  solu- 
tion happens  to  contain  copper  or  arsenic,  these  metals  separate  in  form  of 
small  scales,  or  as  a metallic  powder.  When  the  reduction  is  fully 
etfected,  the  fluid  is  filtered.  In  cases  where  zinc  free  from  iron,  cannot  be 
procured,  the  quantity  of  iron  contained  in  the  zinc  is  determined  by 
analysis  by  measure,  the  zinc  strips  are  weighed  before  and  after,  and  the 
amount  of  iron  contained  in  the  zinc  dissolved  is  subtracted  from  the  total 
quantity  of  iron  found. 

c.  Reduction  by  sulphite  of  soda. 

Mix  the  hydrochloric  acid  solution,  in  a flask,  with  a concentrated 
solution  of  sulphite  of  soda,  and  boil.  If  the  first  portion  of  sulphite  of 
soda  added  proves  insufficient  to  reduce  the  wliole  of  the  sesquioxide  of 
iron,  a fresh  portion  must  be  added.  The  ebullition  must  be  continued, 
until  the  disengagement  of  sulphurous  acid  has  absolutely  ceased. 

Of  these  three  methods,  I prefer  a ; in  c,  the  reduction  is  effected  more 
slowly,  and  other  metals  which  may  interfere  with  the  reaction  in  the 
after  process  are  not  thrown  down,  but  are  left  in  the  fluid  ; b,  again, 
requires  filtration  and  washing,  and  mucli  additional  trouble  besides,  if 
the  zinc  happens  to  contain  an  admixture  of  iron. 


FIFTH  GROUP. 

OXIDE  OF  SILVER — OXIDE  OF  LEAD SUBOXIDE  OF  MERCURY OXIDE 

OF  MERCURY OXIDE  OF  COPPER — TEROXIDE  OF  BISMUTH— OXIDE 

OF  CADMIUM. 


§ 91. 

1.  OXIDE  OF  SILYER. 

o.  Solution. 

Metallic  silver,  and  those  of  its  compounds  which  are  insoluble  in  water, 
are  best  dissolved  in  nitric  acid  (that  is,  of  course,  if  they  are  soluble  in 
tliat  acid).  Dilute  nitric  acid  suffices  for  most  compounds;  sulphide  of 
silver,  however,  requires  concentrated  acid.  The  solution  is  effected  best 
in  a flask.  Chloride,  bromide,  and  iodide  of  silver  are  insoluble  in  water 
and  in  nitric  acid.  To  get  the  silver  contained  in  tliem  in  solution,  it 
must  first  be  reduced  to  the  metallic  state,  which  may  be  readily  effected  in 
the  following  way  : — fuse  the  salt  in  a porcelain  crucible  (this  Operation, 
though  not  absolutely  indispensable,  had  better  not  be  omitted),  pour 
water  over  it,  lay  a bit  of  clean  zinc  or  iron  upon  it,  and  add  some  sul- 
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phuric  or  hydrochloric  acid.  Wash  the  reduced  spongy  silver,  first  with 
dilute  sulphuric  acid,  and  tlien  with  water,  and  dissolve  it  finally  in  nitric 
acid.  However,  as  we  shall  see  below,  tlie  quantitative  analysis  of  the 
chloride,  bromide,  and  iodide  of  silver  does  not  necessarily  require  the 
solution  of  these  salts. 

h.  Determination. 

Silver  may  be  weighed  as  chloride  of  silver , sulphide  of  silver,  cyanide  of 
silver,  or  in  the  metallic  state.  It  is  also  frequently  determined  by 
analysis  by  measure. 

We  may  convert  into 

1.  CHLORIDE  OF  SILVER.  2.  SULPHIDE  OF  SILVER.  3.  CYANIDE 

OF  SILVER. 

All  compounds  of  silver  without  exception. 

4.  METALLIC  SILVER. 

Oxide  of  silver,  and  several  of  its  compounds  with  readily  volatile  acids  ; 
salts  of  silver  with  organic  acids  ; chloride  of  silver. 

The  method  4 is  the  most  convenient,  and  is  preferred  to  the  others  in 
all  cases  where  its  application  is  admissible.  The  method  1 is  tliat  most 
generallv  resorted  to.  2 and  3 serve  mostly  only  to  effect  the  Separation 
of  oxide  of  silver  from  other  bases.  In  the  workshops  of  the  miiit,  the 
silver  is  usually  determined  by  analysis  by  measure. 

1 . Determination  of  silver  as  chloride. 

a.  In  the  humid  way. 

The  precipitated  chloride  of  silver  may  be  separated  from  the  super- 
natant  fluid  either  by  decantation  or  by  filtration  ; the  former  is  generally 
preferred  when  we  have  a copious  amount  of  precipitate  before  us,  the 
latter  answers  better  for  small  quantities. 

a.  Determination  by  decantation. 

The  moderately  diluted  solution  of  the  compound  under  examination 
is  introduced  into  a tall  flask,  with  long  neck  and  narrow  mouth,  and  somc 
nitric  acid  added  to  it ; the  fluid  is  heated  to  about  140°,  and  hydrocliloric 
acid  added  to  it,  as  long  as  a precipitate  continues  to  form.  The 
mouth  of  the  flask  is  then  closed  with  a perfectly  smooth  cork  (or,  better 
still,  with  a well-ground  glass  stopper),  and  the  flask  forciblv  shaken  until 
the  precipitated  chloride  of  silver  has  united  into  coherent  lumps,  and  the 
supernatant  fluid  has  become  clear.  The  minute  particles  of  chloride  of 
silver,  which  may  still  adhere  to  the  sides  of  the  neck  of  the  flask,  are 
then  rinsed  down  by  means  of  a washing-bottle,  and  the  stopper  is  loosely 
replaced.  The  flask  is  now  put  in  the  sand-bath,  in  a moderately  warm 
place,  until  the  precipitate  has  completely  subsided,  and  the  superna- 
tant fluid  has  become  perfectly  clear  and  transparent,  which  generally 
requires  several  hours.  The  clear  fluid  is  then  slowly  and  cautiously 
decanted  into  a beaker-glass,  so  as  to  retain  every  particle  of  the  chloride 
in  the  flask,  whence  it  is  carefully  transferred  to  a porcelain  crucible  with 
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steep  and  srnootli  sides  : the  last  particles  of  chloride  of  silver  which  remain 
adherina:  to  the  bottom  and  sides  of  the  flask  are  rinsed  into  the  neck  of 
the  latter  vvith  a little  water  (inverting  the  flask,  and  closing  its  mouth 
with  the  finger),  and  tlience  likewise  transferred  to  the  crucible. 

When  the  chloride  of  silver  has  completely  subsided  in  the  crucible, 
which  is  greatly  accelerated  by  exposing  the  latter  to  the  heat  of  a water- 
bath,  the  clear  supernatant  fluid  is  carefully  decanted  along  a glass  rod 
into  the  same  beaker-glass  which  contains  the  liquid  of  the  first  decantation. 
The  chloride  of  silver  in  the  crucible  is  moistened  with  a few  drops  of 
nitric  acid,  and  then  treated  with  hot  distilled  water  ; the  chloride  is  again 
allovved  to  subside,  the  clear  supernatant  fluid  again  decanted,  and  the 
same  Operation  repeated  until  a drop  of  the  last  decanted  fluid  occasions 
no  longer  the  slightest  turbidity  in  a solution  of  nitrate  of  silver.  The  last 
portions  of  supernatant  fluid  are  then  carefully  and  cautiouslv  decanted 
or  removed  by  means  of  a pipette;  the  chloride  is  thoroughly  dricd 
in  the  water-bath,  and  subsequently  heated  to  incipient  fusion  over 
the  lamp,  taking  care  to  apply  a very  gentle  heat  at  first ; as  soon  as  the 
chloride  begins  to  fuse  round  the  border,  the  crucible  is  removed  from  the 
flame,  allowed  to  cool,  and  finally  weighed. 

To  remove  the  mass  from  the  crucible,  completely  and  witliout  injury  to 
the  latter,  a fragment  of  iron  or  zinc  is  placed  upon  the  chloride,  and 
liiglily  dilute  hydrochloric  or  sulphuric  acid  poured  over  it.  The  crucible 
is  finally  cleansed,  dried,  and  weighed.  Should  the  liquids  successively 
decanted  from  the  chloride  of  silver  not  be  perfectly  clear  and  transparent, 
they  are  kept  standing  in  a warm  place  until  the  last  particles  of  chloride 
have  completely  subsided,  which  frequently  requires  several  hours ; the 
clear  supernatant  fluid  is  then  decanted,  and  the  subsided  chloride  added 
to  the  bulkof  the  precipitate  in  the  crucible  ; or — and  tliis  is  a more  expe- 
ditious  way — the  minute  quantity  of  chloride  is  collected  on  a small  filter, 
treated  as  directed  in  ß,  and  the  quantity  found  added  to  the  principal 
amount. 

ß.  Determination  by  filtration. 

The  chloride  of  silver  is  precipitated  and  allowed  to  subside  as  in  a. ; the 
supernatant  fluid  is  then  passed  through  a small  filter,  to  which  the  preci- 
pitate likewise  is  subsequently  transferred,  with  the  aid  of  a little  hot 
water  acidulated  with  nitric  acid ; the  precipitate  collected  on  the  filter  is 
washed,  first  with  water  acidulated  with  nitric  acid,  afterwards  with  pure 
water;  it  is  then  thoroughly  dried,  ignited  (§  36),  and  weighed. 

For  the  properties  of  the  precipitate,  see  § 61 . Both  methods  give  very 
accurate  results,  tliough  a trifling  loss  is  incurred  in  ß,  owing  to  part  of  the 
minute  portion  of  chloride  of  silver  which,  notwithstanding  the  most  careful 
scraping,  will  always  adliere  to  the  filter,  suffering  reduction  upon  ignition, 
from  the  action  of  the  carbonic  oxide  evolved  by  the  combustiou  of  the 
filter.  This  may  be  remedied,  however,  by  putting  the  ashes  of  the  filter 
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in  the  crucible  with  the  chloride,  adding  a little  dilute  nitric  acid,  heating 
for  sorae  time,  adding  a few  drops  of  liydrochloric  acid,  evaporating, 
drying,  and  igniting,  as  directed  in  a.  Some  cliemists  reckon  the  silver 
contained  in  the  filter-ashes  at  once  as  metallic  silver. 

b.  In  the  dry  way. 

This  method  serves  more  exclusively  for  the  analysis  of  bromide  and 
iodide  of  silver,  although  it  is  adapted  also  for  the  quantitative  estimation 
of  other  salts  of  silver. 

The  process  is  conducted  in  the  apparatus  illustrated  by  Fig.  41. 


Fig.  41. 


a is  an  apparatus  for  disengaging  chlorine,  b contains  concentrated  sul- 
phuric  acid,  c chloride  of  calcium,  d is  intended  for  the  reception  of  the 
iodide  or  bromide  of  silver,  and  e serves  to  conduct  the  chlorine  gas  out  of 
the  window.  The  Operation  is  commenced  by  introducing  the  compound 
to  be  analysed  into  the  bulb  d,  and  applying  heat  to  the  latter  until  its  Con- 
tents are  fused ; when  cold,  the  tube  is  weighed  and  connected  with  the 
apparatus.  Chlorine  gas  is  then  evolved  from  a ; when  the  evolution  of 
the  gas  has  proceeded  for  some  time,  the  contents  of  d are  heated  to 
fusion,  and  kept  in  this  state  for  about  fifteen  minutes,  agitating  now  and 
then  the  fused  mass  in  the  bulb.  The  tube  d is  then  removed  from  the 
apparatus,  allowed  to  cool,  and  held  in  a slanting  position  to  replace  the 
chlorine  by  atmospheric  air ; it  is  subsequently  weighed,  and  then  again 
connected  with  the  apparatus,  and  the  former  process  repeated,  keeping 
the  contents  of  d in  a state  of  fusion  for  a few  minutes.  The  Operation 
may  be  considered  concluded  if  the  weight  of  the  tube  suffers  no  Variation 
by  the  repetition  of  the  process.  This  method,  if  properly  executed,  gives 
exceedingly  accurate  results. 

2.  Determination  as  sulphide  of  silver. 

n 2 
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Sulphuretted  hydrogen  precipitates  silver  completely  from  acid,  neutral, 
and  alkaline  Solutions  ; sulphide  of  ammonium  precipitates  it  from  neutral 
and  alkaline  Solutions.  Recently  prepared  perfectly  clear  solution  of  sul- 
phuretted hydrogen  may  be  employed  to  precipitate  small  portions  of 
silver ; to  precipitate  larger  quantities,  the  solution  of  the  salt  of  silver 
(which  must  not  be  too  acid)  is  moderately  diluted,  and  washed  sul- 
phuretted gas  conducted  into  it.  The  precipitated  fluid  is  then  gently 
heated,  the  sulphide  of  silver  collected  on  a weighed  Alter,  washed, 
dried  at  212°,  and  weighed.  For  the  properties  of  the  precipitate,  see  § 61 . 
Tliis  method,  if  properly  executed,  gives  very  accurate  results.  The 
operator  must  take  care  to  Alter  quickly,  and  to  prevent  the  acces's  of  ali- 
as much  as  possible  during  the  filtration,  since,  if  this  precaution  be 
neglected,  sulphur  is  likely  to  separate  from  the  sulphuretted  hydrogen- 
water,  which,  of  course,  would  increase  the  apparent  weight  of  the  sulphide 
of  silver. 

If  there  is  reason  to  suspect  that  sulphur  lias  separated  in  conjunction 
with  the  sulphide  of  silver — owing  either  to  imperfect  exclusion  of  the 
air  during  filtration,  or  to  the  presence  of  sesquioxide  of  iron,  or  some  other 
suhstance  likely  to  decompose  sulphuretted  hydrogen — the  precipitate, 
together  with  the  Alter,  must  be  digested  at  a gentle  heat,  with  moderately 
dilute  nitric  acid,  uutil  complete  decomposition  is  effected,  and  the  undis- 
solved  sulphur  appears  of  a pure  yellow  ; the  solution  is  then  filtered  off 
from  the  sulphur,  the  latter  carefully  washed,  and  the  filtrate  and  rinsing 
water  treated  as  directed  in  1 . 

3.  Determination  as  cyanide  of  silver. 

Mix  the  neutral  or  acid  solution  of  silver  with  cyanide  of  potassium, 
until  the  precipitate  which  forms  at  first,  is  redissolved ; add  nitric  acid  in 
slight  excess,  and  apply  a gentle  heat.  After  some  time,  collect  the  preci- 
pitated cyanide  of  silver  on  a weighed  filter,  wasli,  dry  at  212°,  and  w^eigh. 
For  the  properties  of  the  precipitate,  see  § (il . The  results  are  accurate. 

4.  Determination  as  metallic  silver. 

Oxide  of  silver,  carbonate  of  silver,  &c.,  are  easily  reduced  by  simple 
ignition  in  a porcelain  crucible.  In  the  reduction  of  salts  of  silver  with 
organic  acids,  the  crucible  is  kept  covered  at  first,  and  a moderate  heat 
applied  ; after  a time  the  lid  is  removed,  and  the  heat  increased,  until  the 
whole  of  the  carbon  is  consumed.  For  the  properties  of  the  residue,  see  § 6 1 . 
The  results  are  absolutely  accurate,  except  as  regards  salts  of  silver  with 
organic  acids ; in  the  analysis  of  the  latter,  it  happens  not  unfrequently 
that  the  reduced  silver  is  contaminated  with  a minute  portion  of  carbon, 
which  increases  the  apparent  w eight  of  the  silver ; the  difference,  however, 
is  only  very  trifling. 

Chloride  of  silver  is  put  into  the  bulb  of  a bulb-tube,  fused  in  it,  and 
weighed.  The  tube  is  then  connected  with  an  apparatus  for  the  evolution 
of  dry  hydrogen  gas.  (See  Fig.  42.) 
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Fig.  42. 


A is  the  evolution  flask,  containing  granulated  zlnc,  b d,  a long  glass 
tube,  filled  up  to  c with  blotting  paper,  and  from  c to  d witli  chloride  of 
calcium. 

When  the  apparatus  is  completely  filled  with  hydrogen,  and  the  evolution 
of  the  gas  proceeds  steadily  and  slowly,  the  chloride  of  silver  in  the  bulb  is 
heated  to  fusion,  and  maintained  at  a moderate  red  heat,  until  no  more  fnmes 
of  chloride  of  ammonium  are  generated  upon  holding  a glass  rod  moistened 
with  ammonia  to  the  aperture  through  which  the  gas  escapes.  The  appa- 
ratus is  then  allowed  to  cool,  the  bulb-tube  is  detached  from  it,  and 
hcld  some  time  in  a slanting  position,  that  the  hydrogen  still  remaining  in 
it  may  be  replaced  by  atmospheric  air ; it  is  then  finally  weighed.  The 
results  are  most  accurate. 

5.  Determination  by  analysis  by  measure. 

The  determination  of  silver  by  analysis  by  measure  is  based  upon  the  cir- 
cumstance,  that  one  equivalent  of  chloride  of  sodium  tlirows  down  one  equi- 
valent  of  silver  from  Solutions  of  that  metal.  We  need  accordingly  simply 
prepare  a solution  of  known  strength  of  chloride  of  sodium,  and  ascertain 
how  much  of  this  is  required  to  throw  down  the  whole  of  the  silver  from 
a solution  of  the  metal.  This  method,  which  Gay-Lussac  substituted  for 
the  assay  of  silver  by  cupellation,  may  be  found  described  at  length  in 
Gay-Lussac  s “ Instructions  onthe  Method  of  Assaying  Silver  in  the  Humid 
Way,”  translated  into  German  by  J.  Liebig,  published  by  Vieweg , of 
Brunswick.  I shall  hcre  give  only  so  much  of  the  process  as  is  requisite 
for  use  in  the  cliemical  laboratory. 

a.  Preparation  of  the  solution  of  chloride  of  sodium. 

One  grm.  of  pure  silver  combines  with  0'32844  grm.  of  chlorine,  to  form 
chloride  of  silver.  This  quantity  of  chlorine  is  contained  in  0-54142 
grm.  of  chloride  of  sodium.  If,  therefore,  we  dissolve  5*4142  grms.  of 
chemically  pure  chloride  of  sodium  in  water,  and  add  water  to  the  solution 
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until  we  have  exactly  one  litre  of  fluid,  100  cubic  centimeters  of  tliis  fluid 
will  correspond  exactly  to  1 grm.,  and  every  one  cubic  centimeter  accord- 
ingly  to  O’Ol  grm.  of  silver.  Besides  tliis  solution,  a ten  times  more 
dilute  one  is  required,  wliich  is  prepared  by  mixing  1 volume  of  tbe  solu- 
tion with  9 volumes  of  water.  Every  one  cubic  centimeter  of  this  dilute 
solution  corresponds  accordingly  to  O'OOl  grm.  of  silver. 

b.  Preparation  of  the  solution  of  silver , which  is  likewise  required  in 
the  analytical  method  by  measure. 

One  grm.  of  chemically  pure  silver  is  dissolved  in  pure  nitric  acid,  and 
the  solution  diluted  to  exactly  one  litre  of  fluid.  Every  one  cubic  centi- 
meter of  this  solution  corresponds  to  0-001  grm.  of  silver,  which  is 
precipitated  exactly  by  1 cubic  centimeter  of  the  dilute  (tentb)  solution  of 
chloride  of  sodium. 

c.  Testing  of  the  Solutions. 

One  grm.  of  chemically  pure  silver  is  dissolved  in  6 cubic  centimeters 
of  pure  nitric  acid,  at  a gentle  heat ; the  solution  is  effected  in  a white 
flask  with  close  fitting  glass  stopper.  The  nitrous  acid  fumes  are  blown 
out  from  the  flask,  with  the  aid  of  a bent  glass  tube.  Exactly  100  cubic 
centimeters  of  the  concentrated  solution  of  chloride  of  sodium  are  then 
added,  the  moistened  glass  stopper  is  firmly  screwed  in,  and  the  mixture 
is  shaken  until  the  chloride  of  silver  formed  has  concreted  into  a lump, 
and  the  fluid  become  clear.  One  cubic  centimeter  of  the  dilute  (tenth) 
solution  of  chloride  of  sodium  is  now  added  ; if  the  solution  has  beeil 
correctly  prepared,  this  must  cause  no  turbidity  in  it.  One  cubic  centi- 
meter of  the  solution  of  silver  is  now  added,  and  the  fluid  again  shaken 
until  it  has  recovered  its  clearness  ; another  cubic  centimeter  of  the  solu- 
tion of  silver  is  then  added,  which  again  must  cause  no  turbidity  in  the 
solution. 

d.  Performance  of  the  analytical  process. 

It  is,  in  the  first  place,  necessary  tliat  the  operator  should  have  some 
approximate  notion  of  the  quantity  of  silver  contained  in  the  compound 
under  examination  (as  is  the  case,  for  instance,  in  the  assaying  of  coins, 
&c.)  If  he  has  not,  he  must  have  recourse  to  a preliminary  assay ; to 
this  end,  a portion  of  the  substance  under  examination  is  weighed  off, 
dissolved  in  nitric  acid,  and  the  concentrated  solution  of  chloride  of  sodium 
added  drop  by  drop  from  a burette,  the  mixture  is  shaken,  and  the 
addition  of  solution  of  chloride  of  sodium  continued  until  no  further 
precipitation  takes  places. 

The  quantity  of  silver  in  the  salt  or  alloy  having  been  thus  approximately 
ascertained,  a portion  of  it  is  weighed  off,  calculated  to  contain  about  one 
grm.  of  silver,  and  dissolved  in  pure  nitric  acid  in  the  white  flask  men- 
tioned  in  c.  The  nitrous  acid  fumes  are  blown  out  from  the  flask,  aud 
exactly  100  cubic  centimetres  of  the  concentrated  solution  of  chloride  of 
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sodium  are  added  by  means  of  a pipette ; tbe  moistened  glass  stopper  is 
now  firmly  screwed  in,  and  the  mixture  is  vigorously  shaken  until  the 
chloride  of  silver  lias  concreted  into  a lump,  and  tbe  fluid  become  clear. 
It  remains  now  to  be  ascertained  whether  tlie  fluid  contains  still  silver  or 
chloride  of  sodium.  To  this  end,  1 cubic  centimeter  of  the  dilute  (tenth) 
solution  of  chloride  of  sodium  is  added  to  it ; if  the  fluid  turns  turbid,  this 
is  a sign  that  the  quantity  weighed  off1  of  the  salt  or  alloy  contained  more 
than  one  grm.  of  silver.  In  that  case,  the  fluid  is  shaken  until  the  newly 
formed  chloride  has  subsided,  another  cubip  centimeter  of  the  dilute 
solution  of  chloride  of  sodium  is  then  added,  and  the  same  Operation  is 
repeated,  until  the  cubic  centimeter  last  added  leaves  the  fluid  clear.  It  is 
generally  assumed  that  only  one  half  of  the  cubic  centimeter  added  hefore 
the  last  was  required,  and  1‘5  c.  c.  are  accordingly  subtracted  from  the 
sum  of  the  dilute  solution  of  chloride  of  sodium  used.  The  remaining 
number  of  cubic  centimeters  used  gives  the  number  of  milligrammes  of 
silver,  contained  in  the  weighed  off*  sample,  over  and  above  one  grm. 

If  the  first  cubic  centimeter  added,  of  the  dilute  solution  of  chloride  of 
sodium  leaves  the  fluid  clear,  1 cubic  centimeter  of  the  test  solution  of 
silver  is  added,  to  throw  down  this  chloride  of  sodium,  the  fluid  is  then 
shaken  until  the  chloride  of  silver  formed  has  subsided,  and  the  fluid 
become  clear  again.  Another  cubic  centimeter  of  the  test  solution  of 
silver  is  now  added  in  the  same  way,  and  the  Operation  is  repeated,  until 
the  cubic  centimeter  last  added  leaves  the  fluid  clear.  From  the  number 
of  cubic  centimeters  used  of  the  test  solution  of  silver,  wre  liave  to  subtract 
2-5,  viz.,  the  first  and  the  last  added,  and  the  one  half  of  the  one  added 
hefore  the  last.  The  remaining  number  gives  the  number  of  milligrammes 
of  silver  which  the  analysed  sample  contained  less  than  one  grm. 


§ 92. 

2.  OXIDE  OF  LEAD. 

a Solution. 

Few  of  the  salts  of  lead  are  soluble  in  water.  Metallic  lead,  oxide  of 
lead,  and  most  of  the  insoluble  salts  of  lead,  dissolve  in  dilute  nitric  acid. 
Concentrated  nitric  acid  effects  neither  complete  decomposition  nor  com- 
plete  solution,  since,  owing  to  the  in solubility  of  nitrate  of  lead  in  concen- 
trated nitric  acid,  the  first  portions  of  nitrate  formed  protect  the  yet 
undecomposed  parts  of  the  salts  to  be  analysed  from  the  action  of  the  acid. 
For  the  solution  of  chloride  and  sulphate  of  lead,  see  § G2.  As  we  shall 
see  below,  the  analysis  of  these  compounds  may  be  effected  without  dis- 
solving  them.  Iodide  of  lead  does  not  dissolve  in  cold  dilute  nitric  acid  ; 
but  upon  the  application  of  heat  it  dissolves  readily  in  it,  with  Separation 
of  iodiue.  Solution  of  potassa  is  the  only  menstruum  in  which  chromatc 
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of  lead  dissolves  without  decomposition ; for  tlie  purpose  of  analysis,  tlie 
chromate  is  best  converted  into  the  cliloride. 

b.  Determination. 

Lead  may  be  weighed  as  oxide,  sidphate,  chromate,  sulphide,  Chloride, 
or  as  oxide  of  lead  + lead ; it  may  be  determined  also  by  analysis  by 
measure. 

We  may  convert  into 

1.  OXIDE  OF  LEAD. 

a.  By  precipitation. 

All  salts  of  lead  soluble  in  water,  and  tliose  of  its  salts  wliich,  insoluble 
in  fhat  menstruum,  dissolve  in  nitric  acid,  with  Separation  of  their  acid. 

b.  By  iynition. 

a.  Salts  of  oxide  of  lead  with  readily  volatile  or  decomposable  inorganic 
aeids. 

ß.  Salts  of  lead  witli  organic  acids. 


2.  SULPHATE  OF  LEAD. 

a.  By  precipitation. 

Those  of  the  insoluble  salts  of  lead,  the  acid  of  which  cannot  be  removed 
from  their  solution  in  nitric  acid. 

b.  By  evaporation. 

a.  All  the  oxides  of  lead,  and  likewise  the  salts  of  oxide  of  lead  with 
volatile  acids  ; and  also  iodide  and  bromide  of  lead. 

ß.  Many  of  the  organic  compounds  of  lead. 

3.  CHROMATE  OF  LEAD. 

The  compounds  of  lead  soluble  in  water  or  in  nitric  acid. 

4.  CHLORIDE  OF  LEAD. 

Chromate  of  lead,  iodide,  and  bromide  of  lead. 

5.  OXIDE  OF  LEAD  -f-  LEAD. 

Many  of  the  organic  compounds  of  lead. 

6.  SULPHIDE  OF  LEAD. 

All  salts  of  lead  in  solution.  This  method  serves  prin- 
cipally  to  separate  lead  from  other  substances. 

The  application  of  these  several  methods  must  not  be  understood  to  be 
rigorously  confined  to  the  compounds  specially  enumerated  under  their 
respective  heads  ; on  the  contrary,  the  compounds  enumerated,  sub.  3,  may 
likewise  be  determined  as  sulphate  ot  lead  ; and  those  enumerated,  sub.  1, 
2,  and  5,  as  sulphide  of  lead,  &c.  &c.  Chloride  of  lead  may  either  be 
determined  according  to  1.  a.,  or  it  may  be  reduced  to  the  metallic  state, 
in  a current  of  hydrogen  gas,  in  the  manner  described,  § 91,  4 (reduc- 
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tion  of  chloride  of  silver)  ; the  heat  applied  should  not  be  too  intense, 
since  tliis  might  cause  some  of  the  chloride  of  lead  to  volatilize. 

The  higher  oxides  of  lead  are  reduced  by  ignition  to  the  state  of  simple 
oxide,  and  may  thus  be  readily  dissolved,  and  analysed.  Should  the 
operator  wish  to  avoid  having  recourse  to  ignition,  the  most  simple  mode 
of  dissolving  the  higher  oxides  of  lead,  is  to  act  upon  thern  with  dilute 
nitric  acid,  mixed  with  a small  quantity  of  alcohol.  For  the  methods  of 
analysing  sulphate,  chromate,  iodide,  and  bromide  of  lead,  I refer  to  the 
paragraphs  treating  of  the  corresponding  acids,  in  the  second  part  of  tliis 
section. 

1 . Determination  of  lead  as  oxide. 

a.  By  precipitation. 

a.  By  precipitation  as  carbonate  of  lead. 

Mix  the  moderately  dilute  solution  of  the  compound  to  be  analysed, 
with  carbonate  of  ammonia  slightly  in  excess,  add  some  amrnonia, 
apply  a gentle  heat,  and,  after  some  time,  filter.  Wash  the  precipitate 
with  pure  water,  dry,  and  ignite  in  a porcelain  crucible,  having  previously 
incinerated  the  filter  on  the  lid.  For  the  properties  of  the  precipitate  and 
residue,  see  § 62.  The  results  are  satisfactory,  although  generally  a 
trifte  too  low,  owing  to  carbonate  of  lead  not  beiug  absolutely  insoluble, 
particularly  in  fluids  ricli  in  ammoniacal  salts.  (Experiment  No.  43.)  A 
small  and  thin  filter  should  be  used,  and  care  taken  to  scrape  it  as  clean 
as  practicable,  before  proceeding  to  incinerate  it ; otherwise  additional  loss 
of  substance  might  be  incurred,  from  reduction  of  the  adheriug  particles 
of  the  carbonate  to  metallic  lead,  by  the  charcoal  of  the  filter. 
ß.  By  precipitation  as  oxalate  of  lead. 

The  solution  of  the  compound  under  examination  is  mixed  with  oxalate 
of  ammonia  in  excess,  and  ammonia  added  until  it  begins  to  predominate  ; 
the  precipitated  oxalate  is  then  allowed  to  subside,  the  fluid  filtered  off 
from  it,  and  the  further  process  conducted  as  directed  in  a. ; the  porcelain 
crucible  is  left  uncovered  during  the  ignition  of  the  precipitate.  Results 
as  in  a. 

b.  By  ignition. 

Compounds  like  carbonate  or  nitrate  of  lead  are  carefully  ignited  in  a 
porcelain  crucible,  until  the  weight  remains  constant.  For  the  manner  of 
reducing  salts  of  lead  with  organic  acids,  to  the  state  of  oxide,  see  5. 

2.  Determination  as  sulphate  of  lead. 

a.  By  precipitation. 

a.  Mix  the  solution  (which  should  not  be  over  dilute)  with  moderately 
dilute  pure  sulphuric  acid  slightly  in  excess,  and  add  to  the  mixture  double 
its  volume  of  spirits  of  wine  ; wait  a few  hours,  to  allow  the  precipitate 
formed  to  subside ; filter,  wash  the  precipitate  with  spirits  of  wine,  dry, 
and  ignite,  after  the  method  described  in  § 36.  Though  a careful  operator 
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inay  use  a platinum  crucible,  still  a thin  porcelain  crucible  is  preferable. 
A small  and  thin  filter  should  be  employed,  and  the  adhering  sulphate  of 
lead  carefully  scraped  off,  before  proceeding  to  incineration.  (See  1 a.,  a.) 

ß.  In  cases  wliere  the  addition  of  spirits  of  wine  is  inadmissible,  a 
greater  excess  of  sulphuric  acid  must  be  used,  and  the  precipitate,  which 
is  allowed  some  time  to  subside,  washed  first  vvith  water  acidulated  with  a 
few  drops  of  sulphuric  acid,  finally  with  spirits  of  wine.  The  remainder  of 
the  process  is  conducted  as  in  a. 

For  the  properties  of  the  precipitate,  see  § 62.  The  method  a gives  very 
accurate  results  ; those  obtained  by  ß are  nearly  equally  accurate,  provided 
the  proper  excess  of  sulphuric  acid  be  used,  and  the  washing  water  be 
properly  acidulated' with  that  acid.  Neglect  of  the  former  injunction  will, 
in  the  presence,  for  instance,  of  ammoniacal  salts,  nitric  acid,  &c.,  cause  a 
portion  of  the  lead  to  remain  in  solution  ; neglect  of  the  latter  will  lead  to 
the  solution  of  perceptible  traces  of  the  precipitate  in  the  washing  water. 

b.  By  evaporation. 

Put  the  weighed  substance  into  a weighed  dish,  dissolve  it  in  dilute 
nitric  acid,  add  moderately  dilute  pure  sulphuric  acid  sliglitly  in  excess, 
and  evaporate,  at  a gentle  heat,  at  last  high  over  the  lamp,  until  the 
excess  of  sulphuric  acid  is  completely  expelled.  In  the  absence  of  organic 
substances,  the  evaporation  may  be  effected  in  a platinum  dish ; but  if 
organic  substances  are  present,  a light  porcelain  dish  is  preferable.  The 
results  are  perfectly  accurate. 

ß.  Organic  compounds  of  lead  are  converted  into  the  sulphate  by 
treating  tliem,  in  a porcelain  crucible,  with  pure  concentrated  sulphuric 
acid  in  excess,  evaporating  cautiously  in  the  covered  crucible,  until  the 
excess  of  sulphuric  acid  is  completely  expelied,  and  igniting  the  residue. 
Should  the  latter  not  look  perfectly  white,  the  process  must  be  repeated. 
The  method  gives  accurate  results  ; a trifling  loss  is,  liowever,  usually 
incurred,  the  escaping  sulphurous  and  carbonic  acid  gas  being  liable  to  carry 
away  traces  of  the  salt. 

3.  Determination  as  chromate  of  lead. 

Mix  the  neutral  or  slightly  acid  solution  with  neutral  chromate  of  potassa 
in  excess,  and,  if  free  nitric  acid  has  been  present,  add  acetate  of  soda  in 
sutficient  quantity  to  replace  the  free  nitric  acid  by  free  acetic  acid  ; let 
the  precipitate  formed  subside,  at  a gentle  heat,  pass  the  fluid  through  a 
weighed  filter  dried  at  212°,  wash  the  precipitate  with  water,  dry  at  212°, 
and  weigh.  For  the  properties  of  the  precipitate,  see  § 72.  The  results 
are  accurate. 

II.  Schwarz  (Annal.  d.  Chem..u.  Pharm.  84,  92)  recommends  to  deter- 
mine  by  analysis  by  measure,  the  chromic  acid  in  the  chromate  of  lead, 
instead  of  weighing  the  latter.  To  this  end,  the  washed  precipitate 
together  with  the  filter,  is  treated  with  a hydroehloric  acid  solution  of  a 
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weighed  quantity  of  iron,  in  excess,  and  heat  applied.  In  this  way  we 
obtain  chloride  of  lead,  sesqnichloride  of  chromium,  and  sesquichloride  of 
iron,  by  the  side  of  the  excess  of  protochloride  of  iron  ; as  every  one 
equivalent  of  cliromic  acid  converts  three  equivalents  of  iron  from  the  state 
of  protoxide  or  protochloride,  to  that  of  sesquioxide  or  sesquichloride 
[2(PbO,  Cr03)  + G FeCl+8  HCl  = 3Fe2Cl3+2PbCl+CrsCl3+8  HO]. 
We  need  now  simply  determine,  with  solution  of  permanganate  of 
potassa,  or  bichvomate  of  potassa  (§  89,  2.),  the  quantity  of  iron  still 
remaining  in  the  state  of  protoxide,  to  learn  the  quantity  that  has  been 
oxidized ; and  from  this  we  may  then  readily  calculate  the  quantity  of 
the  cliromic  acid  and  of  the  lead. 

Every  three  equivalents  of  iron  (1050  parts),  converted  from  the  state 
of  protoxide  to  that  of  sesquioxide,  correspond  to  one  equivalent  of  lead 
( 1 294*6  parts).  The  precipitation  is  effected  in  a porcelain  dish,  the  fluid 
having  been  previously  gently  heated  in  the  water-bath.  The  particles  of 
the  precipitate  which  stick  to  the  dish  need  not  be  transferred  to  the  filter, 
as  the  latter  has  under  all  circumstances  to  be  returned  to  the  dish,  to  be 
treated  with  the  solution  of  protochloride  of  iron.  The  excess  of  hydro- 
chloric  acid  in  the  latter  should  not  be  too  sliglit.  The  dark-green  solu- 
tion is  filtered  while  hot,  and  the  Alters  are  carefully  washed.  As  the  green 
tint  of  the  solution  renders  the  immediate  detection  of  the  red  coloration 
— where  solution  of  permanganate  of  potassa  is  used — a task  of  somc 
difficulty,  Schwarz  advises  not  to  count  the  last  drop  added. 

It  is  evident  that  this  method  of  determining  chromate  of  lead  by 
analysis  by  measure,  can  be  considered  advantageous  only  in  cases  where 
we  have  to  make  a whole  series  of  analyses.  In  cases  of  this  kmd  the 
solution  of  protochloride  of  iron  is  prepared  in  sufficient  quantity  to  do  for 
the  whole  series,  the  amount  of  protoxide  in  it  is  determined,  and  measured 
quantities  of  it  are  added  respectively  to  the  several  samples. 

4.  Determination  as  chloride  of  lead. 

Mix  the  solution  with  hydrochloric  acid  in  excess,  concentrate  strongly 
in  the  water-bath,  treat  the  residue  w’ith  absolute  alcohol,  mixed  with 
some  ether,  let  the  precipitate  subside,  filter  the  fluid  off,  wash  the 
precipitate  with  alcohol  mixed  with  some  ether,  dry  it,  and  expose  it  to  a 
gentle  heat ; were  you  to  heat  it  to  redness,  some  of  the  chloride  of  lead 
would  volatilize.  In  other  respects  the  Operation  is  conducted  as  directcd 
in  1 . a,  a.  This  method  is  had  recourse  to  in  certain  separations  of  lead 
from  other  substances. 

5.  Determination  as  oxide  of  lead + lead. 

Heat  from  one  to  two  grms.  of  the  organic  compound  of  lead  in  a small 
weighed  porcelain  dish  very  gently,  taking  care  to  make  the  heat  act  first 
upon  the  brim  of  the  dish,  so  that  the  ensuing  decomposition  may  begin 
on  one  side,  and  proceed  slovvly.  Wheu  the  whole  niass  is  perfectly  de- 
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composed,  increase  the  lieat  a little,  and  continue,  until  no  more  glowing 
particles  are  perceptible,  and  the  residue  forms  a mixture  of  oxide  of  lead 
with  globules  of  metallic  lead,  and  is  perfectly  free  from  carbon.  Weigh 
the  residue,  and  lieat  it  with  acetic  acid,  until  the  oxide  is  completely  dis- 
solved ; decant  the  solution  now  from  the  metallic  lead,  and  wash  the 
latter  by  repeated  decantation  ; remove  the  last  traces  of  water  finally  by 
lieat,  and  weigh  the  residuary  metallic  lead.  By  subtracting  the  weight 
of  the  metal  from  that  of  the  original  residue,  you  will  find  the  quantity  of 
oxide  of  lead  wliicli  was  present  in  that  residue ; and  by  calculating  the 
proportion  of  metal  contained  in  the  oxide,  and  adding  the  resulting  number 
to  the  weight  of  the  metallic  lead,  you  will  obtain  the  total  amount  of  that 
metal  originally  present  in  the  analysed  compound.  This  method  is  very 
convenient,  and,  if  properly  and  carefully  executed,  yields  very  accurate 
results.  The  operator  must  take  care  to  conduct  the  decomposition  of  the 
organic  compound  very  slowly,  since  the  rapid  combustion  of  its  carbon 
and  liydrogen  at  the  expense  of  the  oxygen  of  the  oxide  of  lead,  would 
produce  so  high  a temperature  as  to  volatilize  a portion  of  the  lead  in 
visible  fumes.  If  the  residue  is  not  perfectly  free  from  carbon — (which 
will  always  be  detected  in  the  lieating  of  it  with  acetic  acid) — this  will  tend 
to  give  a higher  number. 

This  method  wras  originally  introduced  by  Berselius.  Dulk  has  recently 
recommended  the  following  modification  of  it : — The  compound  to  be 
analysed  is  gently  heated,  in  a covered  porcelain  crucible,  until  the  organic 
substance  is  completely  carbonized  ; the  lid  is  then  removed,  and  the  mass 
stirred  with  a piece  of  iron  wire.  Upon  this,  the  mass  begins  to  ignite, 
and  a mixture  of  oxide  of  lead  with  metallic  lead  results,  which  may  still 
contain  unconsumed  carbon.  A few  crystals  of  dry  nitrate  of  ammonia 
are  now  thrown  into  the  crucible,  which  has  previously  been  removed 
from  the  flame,  and  the  lid  is  then  again  put  on.  The  salt  fuses,  oxidizes 
the  lead,  and  converts  it  partly  into  nitrate.  The  crucible  is  now  exposed 
to  a red  lieat,  until  no  more  fumes  of  hyponitric  acid  escape.  The 
residuary  oxide  is  then  weighed.  This  modification  of  Berzelius'  method 
gives  very  accurate  results.  It  possesses  this  great  advantage,  that  it 
ensures  the  complete  combustion  of  the  whole  of  the  carbon  ; it  saves 
also  some  trouble  in  weighing  and  calculating. 

6.  Determination  as  sidphi.de  of  lead. 

a.  The  same  method  which  serves  for  the  determination  of  silver  as 
sulphide  (§  91,  2.),  may  also  be  resorted  to  for  lead;  with  this  excep- 
tion,  however,  that  the  precipitation  of  the  sulphide  of  lead  from  acid  Solu- 
tions must  be  effected  without  the  application  of  heat ; otherwise,  a portion 
of  the  precipitate  will  redissolve.  For  properties  of  the  precipitate,  see  § 62. 

ß.  If  the  precipitate  contains  some  admixture  of  sulphur,  it  must 
be  converted  into  sulphate  of  lead.  To  that  end,  the  precipitate  is 
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tlried  on  the  filter,  and  put  into  a beaker-glass,  into  which  the  filter  is  tlien 
likewise  thrown ; pure  fuming  nitric  acid  is  now  added,  drop  by  drop,  tlie 
glass  being  kept  covered  with  a glass  plate.  When  the  Oxidation  is 
effected,  a gentle  heat  is  applied  for  some  time,  and  the  contents  of  the 
beaker-glass  are  then  transferred  to  a small  porcelain  dish,  the  last  par- 
ticles  being  carefully  rinsed  into  the  latter ; a few  drops  of  pure  sulphuric 
acid  are  now  added,  the  mixture  is  cautiously  evaporated,  and  the  residue 
finally  ignited.  The  results  are  accurate.  The  use  of  the  fuming  nitric 
acid  is  indispensable,  the  application  of  an  acid  of  a lower  degree  of  con- 
centration  involving  always  a Separation  of  sulphur,  which  oxidizes  in  the 
subscquent  process  ouly  with  extreme  slowness. 

7.  Determination  oflead  by  analysis  by  measure. 

Besides  Schwärs9  method  (see  3),  the  following  two  methods  are  also 
recommended : — 

a.  Flores  Domonte' s method. 

Add  to  the  solution  of  lead,  solution  of  potassa  or  soda  in  excess,  and 
heat  to  boiling,  until  the  basic  salt,  which  precipitates  at  first,  is  re- 
dissolved.  Add  now  to  the  boiling  solution,  a dilute  solution  of  accurately 
known  strength  of  sulphide  of  sodium,  as  long  as  a precipitate  continues  to 
form.  To  hit  the  proper  point  in  this,  it  is  necessary  to  allow  the  fluid 
from  time  to  time  to  get  clear. 

To  prepare  the  solution  of  sulphide  of  sodium,  saturate  a measured 
quantity  of  solution  of  soda  completely  with  sulphuretted  hydrogen  (which 
gives  hydrosulphate  of  sulphide  of  sodium),  and  add  an  equal  quantity  of 
solution  of  soda.  Dilute  the  mixture,  until  you  have  one  litre  of  liquid  to 
about  8 grms.  of  anhydrous  sulphide  of  sodium.  Thus,  taking  the  specific 
gravityof  your  solution  of  soda  to  be  l’lo  = 10  p.  ct.  of  soda,  you  woukl 
have  to  saturate  28  cubic  centimeters  of  the  same  with  sulphuretted 
hydrogen,  to  add  28  cubic  centimeters  more,  and  then  to  dilute  the  mixture 
to  1000  cubic  centimeters.  50  cubic  centimeters  = 100°  of  the  solution 
so  prepared,  will  precipitate  about  one  grm.  of  lead.  The  exact 
strength  of  the  solution  is  ascertained  by  applying  it  in  the  above-mentioned 
manner  on  a solution  made  for  the  purpose,  and  containing  exactly  one 
grm.  of  lead.  As  the  solution  of  sulphide  of  sodium  is  liable  to  suffer 
alteration,  the  exact  composition  and  strength  of  it  must  be  accurately 
ascertained  anew  on  the  occasion  of  every  fresh  series  of  experiments.  The 
decomposition  on  which  this  method  is  based  is  expressed  by  the  equation 

PbO  + NaS  = PbS  + NaO 

b.  Marguerite’ s method. 

Add  to  a boiling  strongly  alkaline  solution  of  oxide  of  lead,  solution  of 
permanganate  of  potassa,  until  the  wliole  of  the  lead  is  precipitated  as 
binoxide.  The  permanganic  acid  is  converted  in  this  process  to  binoxide 
of  manganese. 
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3 PbO  + Mn207  = 3 Pb02  + 2 Mn02 

When  tbe  Operation  draws  to  its  close,  the  liquid  acquires  a green  tint, 
which  it  loses  again  upon  protracted  ebullition.  When  the  green  color  at 
last  remains,  notwithstanding  the  long-continued  boiling  of  the  fluid,  the 
oxidation  of  the  lead  is  complete,  and  the  Operation  at  an  end.  The 
disagreeable  spirting  of  the  fluid,  occasioned  by  the  precipitates  formed, 
makes  this  method  rather  inconvenient ; besides,  it  is  by  no  means  easy  to 
liit  the  exact  point  at  whicli  the  peroxidation  of  the  lead  is  achieved.  For  the 
preparation  of  the  solution  of  permanganate  of  potassa,  see  § 89.  The 
strength  of  the  same  is  determined  by  means  of  a solution  of  lead  of 
accurately  known  strength,  whicli  Operation  has  to  be  gone  through  anew 
before  every  fresh  series  of  experiments.  I may  here  parenthetically 
remark,  that  if  you  use  the  solution  of  which  50  cubic  centimeters  cor- 
respond  to  1 grm.  of  iron  (§  89,  bb.  2 «.),  the  same  quantity  (50 
cubic  centimeters)  will  convert  1*11  grm.  of  lead  from  the  state  of  oxide 
to  that  of  binoxide. 

§ 93. 

3.  SUBOXIDE  OF  MERCURY. 

a.  Solution. 

Suboxide  of  mercury  and  its  compounds  had  always  best  be  oxidized  to 
effect  their  solution,  since  it  would  be  difficult  to  obtain  a solution  of  sub- 
oxide  entirely  free  from  admixture  of  oxide.  To  this  end,  the  suboxide  or 
subsalt  of  mercury  is  heated  for  some  time  with  nitric  acid  in  excess ; 
some  liydrochloric  acid  is  then  added,  and  the  application  of  heat  con- 
tinued  until  a perfectly  clear  solution  is  produced.  All  the  compounds  of 
suboxide  of  mercury,  and  also  the  metal  itself,  may  be  readily  dissolved  in 
this  manner. 

b.  Determination. 

It  follows  from  the  preceding  remarks,  that  the  determination  of  the 
suboxide  is  the  same  as  that  of  the  oxide  of  mercury,  which  will  be  found 
in  the  next  paragrapli.  For  the  way  of  determining  the  suboxide  in 
presence  of  oxide,  I refer  to  § V. 

§ 94. 

4.  OXIDE  OF  MERCURY. 

a.  Solution. 

Oxide  of  mercury  and  those  of  its  compounds  which  are  insoluble  in 
water,  are  dissolved,  as  the  case  may  be,  in  liydrochloric  acid  or  in  nitric 
acid.  Sulphide  of  mercury  is  heated  with  liydrochloric  acid,  and  nitric 
acid  added  until  complete  solution  ensues. 

b.  Determination. 

Mercury  may  be  weighed  in  the  metallic  state,  or  as  subchloride 
or  sulphide,  or  as  oxide.  In  some  cases  the  mercury  is  expelled  from 
the  analysed  compound  hy  ignition,  and  its  amount  inferred  from  the  dimi- 
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nution  of  weight  which  the  ignited  compound  hus  suffered.  Mercury  may 
be  determined  also  by  analysis  by  measure. 

The  methods  of  determining  mercury  as  metal,  subchloride,  or  sulphide, 
are  applicable  in  all  cases  with  out  exception ; the  latter,  however,  deserves 
the  preference  in  most  instances,  on  account  of  it  accuracy,  simplicity,  and 
easiness.  The  method  ot  determining  mercury  as  oxide  can  be  resorted 
to  only  in  the  case  of  compounds  of  suboxide  or  oxide  of  mercury  with 
nitric  acid.  The  analysis  by  measure  presupposes  tliat  the  solution  con- 
tains  no  hydrochloric  acid,  nor  any  other  compound  of  chlorine. 

1.  Determination  as  metallic  mercury. 

a.  In  the  dry  way. 

The  process  is  conducted  in  the  apparatus  illustrated  by  Fig.  43. 


Fig.  43. 


The  principal  part  of  the  apparatus  consists  of  a tube  one  and  a half 
foot  long,  and  between  three  and  four  liues  wide,  made  of  difficultly  fusible 
glass,  and  closed  at  one  end.  Into  this  tube  is  put,  in  the  first  place,  a 
layer,  two  inches  long,  of  dry  hydrate  of  lime,  which  is  pushed  down  to 
the  closed  end,  where  it  accordingly  occupies  the  space  from  a to  b (two 
inches).  This  is  followed  by  an  intimate  mixture  of  the  mercurial  com- 
pound to  be  analysed,  with  an  excess  of  soda-lime  (§  45.  4),  and  which 
occupies  the  space  from  b to  c.  The  particles  of  the  mixture  adhering  to 
the  mortar  are  removed  with  the  aid  of  some  more  soda-lime,  which  is  then 
likewise  put  into  the  tube,  where  it  occupies  the  space  from  c to  d.  This 
is  followed  by  a layer  of  pure  soda-lime,  occupying  the  space  from  d to  e, 
and  this  by  a loose  stopper  of  pure  asbestos,  from  e to  f.  The  anterior  end 
of  the  tube  is  then  drawn  out,  and  bent  at  a somewhat  obtuse  angle.  The 
manipulations  in  the  processes  of  mixing  and  filling  being  the  same  as  in 
organic  elementary  analysis,  they  will  be  found  described  in  detail  in  the 
chapter  on  that  subject. 

A few  gentle  taps  upon  the  table  will  suffice  to  shake  the  contents  of 
the  tube  down  sufficiently  to  leave  a free  passage  above  them  throughout 
the  whole  length  of  the  tube.  The  tube,  so  preparcd  and  arranged,  is 
now  placed  in  a combustion  furnace,  the  point  being  thrust  into  a receiving 
flask  containing  water,  of  which  it  must  just  touch  the  surface  sufficiently 
to  have  the  opening  half  closed  by  it. 

The  tube  is  now  surrounded  with  live  charcoal,  in  the  same  way  as  in 
organic  analysis,  and  proceeding  slowly  from  e to  a,  the  last  traces  of  mer- 
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curial  vapor  being  finally  expelled  by  heating  tlie  hydrate  of  lime  in  the  end 
oftlie  tube.  Wildst  tlie  tube  still  remains  in  a state  of  intense  ignition,  tlie 
neck  is  cut  off  at  f,  and  carefully  and  completely  rinsed  into  the  receiving 
flask,  by  means  of  a washing-bottle.  The  small  globules  of  mercury  which 
have  distilled  over  into  the  flask,  are  united  into  a large  one,  by  agitating  the 
flask,  and,  after  tlie  lapse  of  some  time,  the  perfectly  clear  water  is 
decanted  off  and  the  mercury  poured  into  a weighed  porcelain  crucible, 
where  the  greater  portion  of  the  waters  tili  adhering  to  it  is  removed 
with  blotting-paper.  The  mercury  is  then  finally  dried  under  a bell-jar, 
by  the  side  of  a vessel  with  concentrated  sulphuric  acid,  until  the  weiglit 
remaius  constant.  For  the  properties  of  this  metal,  see  § 63.  This  metliod, 
if  properly  and  carefully  executed,  gives  accurate  results.  The  most  highly 
accurate  results  are,  however,  obtained  by  the  application  of  the  somewhat 
more  complicated  modification  adopted  by  Erdmann  and  Marchand  for  the 
determination  of  the  atomic  weight  of  mercury  and  of  sulphur.  (Journal 
für  praktische  Chemie  XXXI.  page  385. — And  also  Pharmaceutisches 
Centralblatt,  1844,  page  354.) 

b.  In  the  humid  ivay. 

The  solution  is,  in  the  first  place,  freed  from  a possible  admixture 
of  nitric  acid,  by  repeated  evaporation  with  hydrochloric  acid ; it  is  then 
transferred  to  a flask,  free  hydrochloric  acid  added,  and  after  this  a clear 
solution  of  protochloride  of  tin  in  excess,  which  must  likewise  contain  free 
hydrochloric  acid ; the  mixture  is  now  boiled  for  some  time,  and  then 
allowed  to  cool.  After  a time,  the  perfectly  clear  supernatant  fluid  is 
decanted  from  the  metallic  mercury,  which,  if  the  process  has  fully  suc- 
ceeded,  will  be  found  united  into  one  globule ; if  this  is  the  case,  the 
globule  of  mercury  may  be  waslied  at  once  by  decantation,  first  with  water 
acidulated  with  hydrochloric  acid,  and  finally  with  pure  water,  which 
is  then  partly  removed  by  blotting-paper,  and  the  mercury  afterwards 
dried  and  weighed  as  in  a. 

If,  on  the  other  hand,  the  particles  of  the  mercury  have  not  united,  their 
union  into  one  globule  may  readily  be  effected  by  boiling  them  a short 
time  with  some  moderately  dilute  hydrochloric  acid  (liaving,  of  course, 
previously  removed  by  decantation  the  supernatant  clear  fluid).  For  the 
properties  of  metallic  mercury,  see  § 63. 

Phospliorous  acid,  sulpliurous  acid,  and  other  reducing  agents,  may  be 
substituted  for  the  protochloride  of  tin. 

This  method  gives  accurate  results,  but  it  requires  the  venj  greatest  care 
in  the  performance  of  the  several  operations.  The  resulting  numbers  are 
generally  a little  too  low.  (Compare  experiment  No.  68,  made  by  one  of 
the  students  in  my  laboratory.)  This,  however,  is  entirely  owing  to 
defective  execution  of  the  operations,  and  by  no  means  to  defects  inherent 
in  the  method  itself ; and  the  generally  received  notion,  which  would  impute 
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the  deficiency  to  the  volatilization  of  a portion  of  the  mercury,  in  the  pro- 
cesses  of  boiling  and  drying,  is  founded  in  error.  (See  Experiment  No. 
50.)  In  the  case  of  Solutions  containing  much  nitric  acid,  it  is  always  the 
best  vvay  to  determine  the  mercury  as  sulphide. 

2.  Determination  as  subchloride  of  mercury . 

Mix  the  solution  with  hydrochloric  acid,  if  that  acid  is  not  already 
present,  add  solution  of  potassa  until  the  excess  of  the  acid  is  nearly  neu- 
tralized,  mix  with  a solution  of  formiate  of  soda  in  excess,  and  let  the  mix- 
ture  stand  four  days,  at  a temperature  of  from  140°  to  176°.  Filter  the 
fluid  now  off  from  the  precipitated  subchloride,  and  collect  the  latter  on 
a weighed  Alter,  dried  at  212°.  Let  the  filtrate  stand  twenty-four  hours 
longer,  at  a temperature  of  from  140  to  176°,  and,  should  a new  precipi- 
tate  form,  add  tliis  to  tlie  first,  and  repeat  the  same  process  until  the  filtrate 
remains  perfectly  clear.  Wash  the  collected  precipitate,  dry  at  212°, 
and  weigh. 

This  method  is  very  tedious,  and  requires,  besides,  the  strictest  care  and 
attention  in  the  performance  of  the  several  operations  ; its  application  is 
therefore  almost  exclusively  confined  to  the  Separation  of  mercury  from 
certain  metals.  The  operator  must  take  particular  care  not  to  exceed 
a temperature  of  176°,  since  otherwise  metallic  mercury  might  separate; 
should  this  be  the  case,  the  precipitate  will  exhibit  a grayish  appearance, 
and  the  experiment  must,  under  such  circumstance,  be  considered  a failure. 

3.  Determination  as  sulphicle  of  mercury. 

a.  The  solution  of  the  salt  of  mercury  is  free  from  nitric  acid. 

Acidify  the  solution  slightly  with  hydrochloric  acid,  if  that  acid  is  not 
already  present,  transfer  it  to  a flaskwith  a ground  stopper,  and  add  a freshly 
prepared  clear  satui’ated  solution  of  sulphuretted  hydrogen  in  slight  excess, 
just  sufficient  to  make  the  odor  of  that  gas  clearly  perceptible  after  shaking 
the  flask  ; now  put  in  the  stopper,  and  let  the  precipitated  sulphide  subside. 

h.  The  amount  of  mercury  present  is  so  considerable,  that  its  precipita- 
tion  would  require  a very  large  portion  of  sulphuretted  hydrogen  water. 

Conduct  into  the  moderately  dilute  solution  washed  sulphuretted  hy- 
drogen gas. 

c.  The  solution  contains  nitric  acid. 

Add  potassa  to  the  solution  until  the  acid  is  nearly  neutralized  ; mix  the 
fluid  with  a clear  solution  of  cyanide  of  potassium  in  excess,  and  precipitate 
the  mercury  finally  either  with  sulphuretted  hydrogen  water,  or  with 
colorless  hydrosulphate  of  sulphide  of  ammonium,  or  bv  transmitting  sul- 
phuretted hydrogen  gas  through  it.  Let  the  precipitate  subside,  collect 
it  on  a weighed  filter,  wash  it  rapidly  with  cold  water,  dry  at  212% 
and  weigh. 

If  the  precipitate  contains  free  sulphur  (owing  to  the  presence  of 
sesquioxide  of  iron,  chromic  acid,  &c.,  &c.,  or  to  some  other  cause), 
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transfer  it,  still  moist,  together  with  the  filter,  to  a small  flask, 
treat  it  with  hydrochloric  acid,  apply  lieat,  and  add  nitric  acid,  drop  by 
drop,  until  the  separated  sulphur  exhibits  a pure  yellow  color  ; dilute  the 
mixture  now  with  water,  filter,  and  precipitate  again  as  sulphide,  by  addi- 
tion  of  potassa,  cyanide  of  potassium,  and  sulphuretted  hydrogen  gas,  or 
sulphuretted  hydrogen  water,  or  colorless  hydrosulphate  of  sulphide  of 
ammonium,  as  above.  For  the  properties  of  the  precipitate,  see  § 63. 

This  method  gives  very  accurate  results,  and  is,  in  my  opinion,  pre- 
ferable  to  all  others. 

4.  Determination  as  oxide. 

The  mercury,  in  its  salts  with  nitrogen  acids,  may  be  determined  in 
the  form  of  oxide.  To  this  end,  the  salt  is  heated  in  a bulb-tube,  of 
which  the  one  end,  drawn  out  to  a point,  dips  under  water,  the  other  end 
being  connected  with  a gasometer,  by  means  of  which  dry  air  is  trans- 
mitted  through  the  tube,  as  long  as  the  application  of  heat  is  continued. 
In  this  way  complete  decomposition  of  the  salt  is  effected,  wliilst  the 
oxide  to  which  it  is  rednced,  remains  unaflected.  ( Marignac , in  Liebig 
and  Kopfs  Annual  Report,  1849,  page  594.) 

5.  Analysis  by  measure.  (Liebig’ s method — Annalen  der  Chemie  und 
Pharmacie,  85,  307.) 

This  method  is  based  upon  the  circumstance  that  phosphate  of  soda 
precipitates  mercury  from  Solutions  of  the  nitrate,  but  not  frorn  Solutions 
of  the  chloride,  in  the  form  of  a flocculent  white  precipitate,  which  speedily 
turns  crystalline;  and  that  chloride  of  sodium  accordingly  readily  redissolves 
this  precipitate  (as  long  as  it  has  not  yet  acquired  crystalline  consistence), 
phosphate  of  soda  and  chloride  of  mercury  being  formed.  Thus,  if  we 
know  the  quantity  of  chloride  of  sodium  required  to  redissolve  the  preci- 
pitate, we  learn  from  this  also  the  quantity  of  the  mercury,  since  every  one 
equivalent  of  chloride  of  sodium  dissolves  one  equivalent  of  oxide  of  mer- 
cury (in  the  form  of  phosphate)  : it  requires,  accordingly,  0*54103  grm.  of 
chloride  of  sodium  to  dissolve  1 grm.  of  oxide  of  mercury. 

a.  Preparation  of  the  solution  of  chloride  of  sodium. 

Dissolve  10*8206  grms.  of  pure  chloride  of  sodium  in  water,  and  dilute  the 
solution  until  you  have  exactly  one  litre  of  fluid  (Liebig  uses  20  cubic  cen- 
timeters  of  solution  of  chloride  of  sodium,  saturated  at  the  common  tempera- 
ture,  to  566*8  cubic  centimeters  of  water).  Every  cubic  centimeter  of  the 
solution,  prepared  either  way,  corresponds  to  0*020,  grm.  of  oxide  of 
mercury. 

b.  Preparation  of  the  solution  of  oxide  of  mercury. 

According  to  Liebig,  this  solution,  which  must,  of  course,  be  perfectly 
free  from  Compounds  of  chlorine,  and  in  which  the  whole  of  the  mercury 
must  be  present  in  the  state  of  oxide,  should  contain  no  more  than  about 
0*2  grm.  of  oxide  of  mercury  in  10  cubic  centimeters  of  fluid.  Accordingly, 
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if  a preliminarv  experiment  shows  it  to  have  a higher  degree  of  concentra- 
tion,  dilution  to  the  proper  degree  must  be  had  recourse  to.  Neither 
must  there  be  too  much  free  acid  present : the  addition  of  from  3 to  4 
cubic  centimeters  of  a perfectly  saturated  solution  of  phosphate  of  soda  to 
10  cubic  centimeters  of  the  solution,  must  suffice  to  take  off  all  acid  reac- 
tion.  If  too  much  acid  is  present,  carbonate  of  soda  must  be  added,  until 
the  basic  salt  begins  to  precipitate,  which  latter  is  then  redissolved  by  ad- 
dition of  one  or  two  drops  of  nitric  acid. 

c.  Performance  of  the  analytical  process. 

There  are  two  different  methods  recommended,  which  it  is  the  best  way 
to  apply  in  combination,  as  the  results  obtained  by  the  former  are  some* 
what  too  high,  those  by  the  latter  a little  too  low. 

Method  I. — Measure  off  10  cubic  centimeters  of  the  solution  of  oxide  of 
mercury  in  a beaker-glass,  add  3 to  4 cubic  centimeters  of  a saturated  solu- 
tion of  phosphate  of  soda,  and  then  immediately,  before  the  precipitate  has 
had  time  to  acquire  crystalline  consistence,  solution  of  chloride  of  sodium, 
until  the  precipitate  is  redissolved : the  last  portions  of  the  solution  of 
chloride  of  sodium  must  be  added  very  cautiously,  to  avoid  addition  in 
excess. 

Now,  supposing  you  have  used  12*5  cubic  centimeters  of  solution  of 
chloride  of  sodium,  to  effect  the  solution  of  the  precipitate  formed  upon 
the  addition  of  the  solution  of  phosphate  of  soda,  you  must  now — 

{Method  II.) — Measure  off  12-5  of  the  same  solution  of  chloride  of  sodium, 
add  to  this  3 to  4 cubic  centimeters  of  solution  of  phosphate  of  soda,  and 
then  of  your  solution  of  oxide  of  mercury  from  a burette , until  a per- 
manent precipitate  just  begins  to  form.  Supposing  this  has  taken  10-25 
cubic  centimeters  of  solution  of  mercury,  then  12‘5  -(-  12*5  = 25  cubic 
centimeters  of  your  solution  of  chloride  of  sodium  having  been  consumed 
to  10  + 10'25  = 20*25  of  your  solution  of  oxide  of  mercury  ; and  1 cubic 
centimeter  of  your  solution  of  chloride  of  sodium  corresponding  to  0-020 
grm.  of  oxide  of  mercury,  it  follows  that  the  20*25  cubic  centimeters  of  the 
analysed  solution  of  oxide  of  mercury  contained  0'5  grm.  of  oxide. 

Liebig  has  proved  by  numerous  experiments  that  this  course  of  proeeed- 
ing  gives  very  nearly  accurate  results;  he  obtained  0-18/8  grm.  instead 
of  0*1870  grm.,  0-1/4  grm.  instead  of  0-1748  grm.,  0-1608  grm. 
instead  of  0*1664  grm.,  &c. 

§ 95. 

5.  OXIDE  OF  COPPER. 

a.  Solution. 

Most  of  the  compounds  of  oxide  of  copper  dissolve  in  water.  Metallic 
copper,  oxide  of  copper,  and  those  of  its  salts  which  are  insoluble  in  water, 
are  dissolved  in  dilute  nitric  acid.  Sulphide  of  copper  is  lieated  with 
moderately  dilute  nitric  acid,  until  the  separated  sulphur  exhibits  a pure 
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yellow  tint ; addition  of  a little  hydrochloric  acid  greatly  promotes  this 
decomposition. 

b.  Determination. 

Copper  is  usually  weighed  in  tlie  form  of  oxide  (§  64).  Into  this 
form  it  is  converted  either  by  direct  precipitation  as  such,  or  by  ignition, 
or  alter  previous  precipitation  as  sulphide.  Copper  may  be  determined 
also  in  an  indirect  way,  and  by  analysis  by  measure. 

We  may  determine  as 

1.  Oxide  of  copper. 

a.  By  precipitation  as  oxide. 

a.  By  direct  precipitation. 

All  salts  of  oxide  of  copper  soluble  in  water,  and  also  tliose  of  the 
insoluble  salts,  of  which  the  acids  may  be  removed  upon  their  solution  in 
nitric  acid,  provided  no  non-volatile  organic  substances  be  present. 

ß.  By  precipitation  preceded  by  ignition  of  the  compound. 

Such  of  the  salts  enumerated  sub  a as  contain  a non-volatile  organic 
substance,  and  thus  more  particularly  salts  of  copper  with  non-volatile 
organic  acids. 

b.  By  precipitation  as  sulphide  of  copper. 

All  compounds  of  copper  without  exception. 

c.  By  ignition. 

Salts  of  copper  with  readily  volatile  oxygen  acids,  or  with  such  oxygen 
acids  as  are  readily  decomposed  at  a high  temperature.  (Carbonate  of 
copper,  nitrate  of  copper.) 

The  indirect  method,  and  the  analysis  hy  measure,  which  are  applicable  in 
almost  all  cases,  are  more  particularly  adapted  fortechnico-chemical  purposes. 

1 . Determination  as  oxide  of  copper. 

a.  By  direct  precipitation  as  oxide. 

a.  From  neutral  or  acid  Solutions. 

Ileat  the  rather  dilute  solution,  in  a porcelain  dish,  to  incipient 
ebullition,  add  a somewhat  dilute  pure  solution  of  soda  or  potassa  until  the 
formation  of  a precipitate  ceases,  and  keep  the  mixture  a few  minutes  longer 
at  a temperature  near  the  boiling  point. 

After  allowing  some  time  for  the  subsidence  of  the  precipitate,  filter  the 
fluid  off,  treat  the  precipitate  with  water,  lieat  to  boiling,  let  the  precipi- 
tate subside,  and  repeat  the  Operation  just  described.  Collect  the  whole 
of  the  precipitate  finally  on  the  filter,  wash  it  thoroughly  with  hot  water, 
dry,  and  ignite  in  a platinum  crucible,  as  directed  § 36.  After  intense 
ignition,  and  having  added  the  ashes  of  the  filter  to  the  contents  of  the 
crucible,  put  the  latter  under  a bell-jar,  by  the  side  of  a vessel  containing 
concentrated  sulphuric  acid,  place  it  on  the  balance  whilst  still  a little 
warm  to  the  touch,  and  weigh  as  quickly  as  possible. 

It  will  sometimes  happen,  tliough  mostly  from  want  of  proper  attention 
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to  the  directions  here  given,  tliat  particles  of  the  oxide  of  copper  adhere  so 
pertinaciously  to  the  dish  tliat  mechanical  appliances  fail  to  remove  tliem. 
In  a case  of  tliis  kind  you  need  simply  wash  the  dish  thoroughly,  dissolve 
the  adhering  particles  with  a few  drops  of  nitric  acid,  and  evaporate  the 
solution  over  the  principal  mass  of  the  precipitated  oxide,  before  you 
proceed  to  ignite  the  latter.  For  the  properties  of  the  precipitate,  see  § 64. 

With  proper  attention  to  the  directions  here  given,  most  accurate  results 
are  attained  by  tliis  method ; deviations  from  these  directions  will,  of 
course,  impair  more  or  less  the  accuracy  of  the  results.  Thus,  if  the 
solution  be  not  sufficiently  dilute,  the  precipitant  will  fail  to  throw  down 
the  whole  of  the  oxide  of  copper  present ; or,  if  the  precipitate  be  not 
thoroughly  washed  with  hot  water,  it  will  retain  a portion  of  the  alkali ; 
or,  if  the  ignited  precipitate  be  allowed  to  stand  exposed  to  the  air,  before 
it  is  weighed,  an  increase  of  weight  will  be  the  consequence  ; and  so,  on 
the  other  hand,  a diminution  of  weight,  if  the  filter  be  ignited  in  contact 
with  the  oxide,  since  this  will,  of  course,  tend  to  reduce  it  more  or  less. 
Should  a portion  of  the  oxide  have  suffered  reduction,  it  must  be  reoxidized 
by  moistening  with  some  nitric  acid,  evaporating  cautiously  to  dryness, 
and  exposing  the  residue  to  a gentle  lieat,  increasing  this  gradually  to  a 
high  degree  of  intensity. 

Let  it  he  an  invariable  rule  with  you  to  test  the  filtrate  for  copper  with 
sulphuretted  liydrogen  water.  If,  notwithstanding  the  strictest  com- 
pliance with  the  directions  here  given,  the  addition  of  this  reagent  produces 
a precipitate,  or  imparts  a brown  tinge  to  the  fluid,  this  is  to  be  attributed 
to  the  presence  of  organic  matter ; in  that  case,  concentrate  the  filtrate 
and  washing  water  by  evaporation,  precipitate  with  sulphuretted  liydrogen 
water  ; treat  the  precipitated  sulpliide  as  directed  in  c,  and  add  the  oxide 
obtained  to  the  first  precipitate. 

ß.  Front  alkaline  Solutions. 

From  ammoniacal  Solutions  also,  oxide  of  copper  may  be  precipitated 
by  potassa.  In  the  main,  the  process  is  conducted  as  in  a.  After  the 
precipitation  the  mixture  is  lieated,  until  the  fluid  above  the  precipitate 
has  become  perfectly  colorless  ; the  fluid  is  then  filtered  off  with  the 
greatest  possible  expedition.  If  the  fluid  were  allowed  to  cool  with  the 
precipitate  in  it,  a small  portion  of  the  latter  would  redissolve. 

b.  By  precipitation  as  oxide , preceded  by  iynition  of  tlie  substance 
under  examination. 

a.  Heat  the  substance  in  a porcelain  crucible,  until  the  organic  matter 
present  is  totally  destroyed  ; dissolve  the  residue  in  dilute  nitric  acid, 
filter,  if  necessary,  and  treat  the  clear  solution  as  directed  in  a.  a,  or 
evaporate  it,  and  treat  the  residue  as  in  d. 

ß.  In  the  case  of  salts  of  copper  with  organic  acids,  the  quantitative 
estimation  may  be  effeeted  also  by  igniting  the  salt,  moistening  the  residue 
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with  nitric  acid,  evaporating,  moistening  once  more  with  nitric  acid, 
evaporating  again,  and  finally  igniting  tlie  residue  cautiously.  The  appli- 
cation  of  this  method  involves  generally  a trifling  loss  of  substance  from 
particles  of  the  salt  being  carried  away  in  the  process  of  ignition. 

c.  By  precipitation  as  sulphide  of  copper. 

Precipitate  the  solution — which  may  be  alkaline,  neutral,  or  slightly  acid, 
but  should  not  contain  a great  excess  of  nitric  acid — according  to  the 
smaller  or  larger  quantity  of  copper  present,  either  with  strong  sulphuretted 
liydrogen  water,  or  by  conducting  sulphuretted  hydrogen  gas  into  it. 
When  the  precipitate  has  fully  subsided,  filter  off  quickly,  wash  the 
precipitate  without  intermission  with  water  impregnated  with  sulphuretted 
hydrogen,  and  dry  it  on  the  filter  ; transfer  the  dried  precipitate  to  a 
beaker-glass,  incinerate  the  filter  in  a small  porcelain  dish,  add  the  ashes 
to  the  precipitate  in  the  glass,  treat  with  moderately  dilute  nitric  acid, 
add  some  hydrochloric  acid,  and  heat  gently  until  the  separated  sulphur 
appears  of  a pure  yellow  color ; dilute  now  with  w'ater,  filter,  and  precipi- 
tate as  directed  in  a. 

d.  By  ignition. 

The  salt  is  put  into  a platinum,  or  porcelain  crucible,  and  exposed  to  a 
very  gentle  heat,  which  is  gradually  increased  to  intense  reduess  : the 
residue  is  then  weighed. 

As  nitrate  of  copper  spirts  strongly  when  ignited,  it  is  always  advisable 
to  put  it  into  a small  covered  platinum  crucible,  and  to  place  the  latter  in 
a large  one,  also  covered.  The  results  are  accurate. 

2.  Jndirect  determination  by  means  of  metallic  copper. 

a.  Levol's  Method. — Put  the  solution  of  oxide  of  copper  into  a flask 
with  a ground  stopper,  and  add  ammonia  in  excess,  so  as  to  obtain  a clear 
azure  blue  solution  ; fill  the  flask  almost  to  the  top  with  water  freed  from 
atmospheric  air  by  ebullition,  put  into  it  a perfectly  clean,  accurately 
weighed  slip  of  copper,  place  the  stopper  in  tightly,  and  let  the  flask  stand 
at  the  common  temperature  until  the  fluid  is  perfectly  colorless  ; withdraw 
the  copper  slip  now,  wash,  dry,  and  weigh  it.  The  diminution  of  weight 
which  it  has  suffered  indicates  the  amount  of  copper  originally  present  in 
the  solution.  The  results  are  accurate  ; but  the  method  has  this  great 
disadvantage,  that  the  experiment  takes  from  three  to  four  days,  and  often 
more.  It  is  obvious  that  it  is  altogether  inapplicable  in  cases  where  the 
solution  contains,  besides  the  copper,  other  metals  precipitable  by  the 
latter. 

[ Riegel  (Archiv,  der  Pharm.  56,  40)  obtained  satisfactory  results  with 
this  method;  but  Philipps  (Annalen  der  Chemie  und  Pharmacie,  81,  208) 
states  that  the  results  which  he  obtained  by  its  application  werefrom  15  to 
20  per  cent  too  high.] 

b.  Runge' s Method. — In  a solution  of  chloride  of  copper,  free  from 
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nitric  acid  (and  from  sesquioxide  of  iron),  the  amount  of  the  metal  mav 
be  estimated  also  in  the  following  manner : mix  the  moderately  dilute 
solution,  in  a long-necked  flask,  with  free  hydrochloric  acid,  put  in  a 
weighed  slip  of  copper,  and  hoil  gently  until  the  fluid  has  hecome  color- 
less ; take  the  slip  of  copper  out,  wash  it  carefully,  dry,  and  weigh 
(compare  § 90.)  Riegel  found  the  results  satisfactory.  Tliis  method  is 
more  expeditious  than  2.  a. 

3.  Analysis  by  measure. 

a,  Pelouze's  Method. — If  a solution  of  oxide  of  copper  supersaturated 
with  ammonia,  is  mixed,  at  the  common  temperature,  with  sulphide  of 
sodium,  a hlack  precipitate  of  sulphide  of  copper  (CuS)  is  formed,  which 
subsides  slowly,  and  speedily  absorbs  oxygen,  upon  exposure  to  the  air. 
If,  on  the  contrary,  the  precipitation  is  effected  at  a temperature  of  from 
149°  to  185°,  a hlack  precipitate  is  indeed  formed,  but  this  consists  of  a 
mixture  of  sulphide  of  copper  with  oxide  of  copper  (5CuS  + CuO),  which 
subsides  readily,  and  absorbs  oxygen  slowly.  If  the  ammoniacal  solution 
contains  other  metals  besides  copper,  the  former  are  not  precipi- 
tated,  as  long  as  any  portion  of  the  latter  remains  in  solution.  If  the 
application  of  heat  is  long  conti nued,  and  the  temperature  raised  above 
185°,  the  mixture  of  sulphide  and  oxide  of  copper  takes  up  an  additional 
quantum  of  oxide  ; moreover  a portion  of  the  oxide  is  reduced  to  suboxide 
which  remains  in  the  ammoniacal  solution,  the  liberated  oxygen  combining 
with  the  sulphur  of  the  sulphide  to  form  hyposulpliurous  acid.  Therefore, 
if  wre  know  the  amount  of  a solution  of  sulphide  of  sodium  of  known 
strength  which  is  required  at  a temperature  of  about  167°,  to  throw  down 
the  whole  of  the  metal  from  an  ammoniacal  solution  of  oxide  of  copper, 
we  may  infer  from  this  the  quantity  of  copper  contained  in  he  latter. 

The  solution  of  sulphide  of  sodium  is  prepared  in  the  manner  described 
in  § 92.  7.  a.  The  strength  of  the  solution  is  ascertained  as  follows  : — 
About  1 grm.  of  pure  copper  is  dissolved  in  a flask,  in  the  requisite 
amount  of  nitric  acid,*  and  a quantity  of  about  30  cubic  centimeters  of 
strong  solution  of  ammonia  added  ; the  clear  azure  blue  fluid  is  then  heated 
to  geutle  ebullition,  by  means  of  a small  spirit-lamp  with  a short  trimmed 
wick.  When  the  liquid  begins  to  boil,  a thermometer  plunged  into  it 
marks  between  122°  and  140°.  The  solution  of  sulphide  of  sodium  is 
now  gradually  added,  the  application  of  heat  being  continued.  (There  is 
no  fear  that  the  temperature  of  the  liquid  will  go  beyond  the  limit  of  185°, 
provided  some  ammonia  he  added  from  time  to  time,  as  that  suhstauce,  in 
its  evaporation,  carries  off  a large  amount  of  caloric.)  As  soon  as  the  blue 
color  of  the  fluid  is  no  longer  distinctly  perceptible,  the  lamp  is  removed 
for  a short  time,  the  sides  of  the  flask  are  rinsed  with  a little  ammonia 

* A solution  of  a corresponding  quantity  of  pure  sulphatc  of  copper  in  water,  may  be 
substituted  for  the  nitric  acid  solution. 
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injected  by  meaus  of  a washing  bottle,  and  the  precipitate  is  allowed  to 
subside  a little.  If  tlie  fluid  after  tiiis  still  presents  a blue  tint,  the  lamp 
is  replaced,  and  a few  more  drops  of  sulphide  of  sodium  are  added  ; the 
lamj)  is  then  removed  again,  &c.,  and  the  same  process  continued  until 
the  fluid  appears  colorless  after  the  subsidence  of  the  precipitate. 

In  analytical  investigations,  the  acid  solution  of  a weighed  quantity  of 
the  compound  of  copper  wliicli  it  is  intended  to  analyse,  is  treated  exactly 
in  the  manner  just  now  described.  It  is  alvvays  advisable  to  weigh  off 
as  much  of  the  compound  to  be  analysed  as  may  be  presumed  to  contain 
about  1 grm.  of  copper,  whieh  may  be  rougbly  ascertained  by  a pre- 
liminary  experiment. 

The  strength  of  the  solution  of  sulphide  of  sodiuin  must  be  determined 
anew  for  every  fresh  series  of  experiments.  The  analytical  process 
occupies  about  ten  minutes.  The  results  are  satisfactory. 

b.  Schwarz' s Method  (Annal.  der  Chemie  und  Pharm.  84,  84.)  — If  we 
mix  a solution  of  oxide  of  copper  with  a sufficient  quantity  of  a tar- 
trate  of  an  alkali,  and  add  solution  of  soda,  we  obtain  a dark-blue 
fluid.  If  we  heat  tiiis,  and  add  a sufficient  amount  of  grape-sugar,  the 
wbole  of  the  copper  precipitates,  after  a short  time,  in  the  form  of  sub- 
oxide.  On  heating  tiiis  with  sesquicliloride  of  iron  and  hydrochloric  acid, 
it  dissolves,  the  following  transposition  taking  place  : 

CusO  + FesCl3  + HCl=2CuCl  + 2FeCl+  HO. 

Every  1 equivalent  of  copper  reduces  accordingly  1 equivalent  of  iron 
from  the  state  of  sesquichloride  to  that  of  protochloride.  From  the 
quantity  obtained  of  the  latter,  we  ascertain  the  amount  of  the  copper. 

The  analytical  process  is  conducted  as  follows  : — Weigh  the  compound 
of  copper  under  examination,  dissolve  it  in  water  or  nitric  acid,  in  a 
capacious  porcelain  dish,  mix  it,  in  the  cold,  with  a solution  of  neutral 
tartrate  of  potassa,  and  add  solution  of  potassa  or  soda  in  excess. 
Mix  the  dark-blue  fluid  now  with  a sufficient  quantity  of  an  aqueous 
solution  of  grape-sugar,  or  of  milk-sugar,  and  heat  on  the  water-bath, 
until  the  fluid  shows  a brown  tinge  on  the  border,  which  is  a sign  that  the 
whole  of  the  copper  is  precipitated,  and  that  the  potassa  begins  to  act  upon 
the  sugar,  imparting  a brown  tint  to  it.  When  the  precipitate  lias  sub- 
sided,  Alter.  The  filtrate  appears,  in  most  cases,  of  a deep  brown  ; upon 
the  addition  of  the  washing  water  a muddy  yellowish  layer  forms  on  the 
top  of  it ; however,  this  disappears  immediately  upon  stirring  the  fluid — 
a proof  that  it  does  not  proceed  from  any  suboxide  of  copper  liaving 
passed  through  the  Alter.  Wash  the  precipitated  suboxide  of  copper  w ith 
hot  water,  until  the  washing  water  comes  off  perfectly  colorless  ; particles 
of  the  suboxide,  adhering  firmly  to  the  dish,  are  left  in  the  latter.  Put 
the  Alter  with  the  suboxide  on  it,  into  the  dish,  add  solution  of  pure  ses- 
quichloride  of  iron  (free  from  nitric  acid  and  from  protochloride)  in  slight 
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excess,  and  a Iittle  hydrochloric  acid,  and  heat  gently,  with  stirring,  which 
will  suffice  to  redissolve  the  protochloride  of  copper  which  forms  at  first. 
Filter  the  green  solution  into  a capacious  flask,  wash  the  remains  of  the 
first  filter  thoroughly  with  hot  water,  Iet  the  fluid  cool  down  to  about  86°, 
and  estimate  the  amount  of  protochloride  of  iron  formed,  as  directed  in 
§ 89,  2.  Every  350  parts  of  iron,  found  in  the  state  of  protoxide  or  pro- 
tochloride, correspond  to  396  parts  of  copper.  The  results  are  satisfactory. 
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6.  TEROXIDE  OF  BISMUTH. 

a.  Solution. 

Metallic  bismuth,  the  teroxide,  and  all  other  compounds  of  that  metal, 
are  dissolved  best  in  more  or  less  dilute  nitric  acid. 

b.  Determination. 

Bismuth  is  always  weighed  in  the  form  of  teroxide  (§  65).  Into 
this  form  the  compounds  of  bismuth  are  converted  either  by  ignition,  or 
by  precipitation  as  carbonate  of  bismuth  {carbonate  of  teroxide  of  bismuth)  y 
preceded  in  some  cases  by  precipitation  as  tersulpliide. 

We  may  convert  into 
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a.  By  precipitation  as  carbonate 
of  bismuth. 

All  compounds  of  bismuth  which 
dissolve  in  nitric  acid  to  nitrate,  no 
other  acid  remaining  in  the  solu- 
tion. 


b.  By  ignition. 

a.  Salts  of  bismuth  with  readily 
volatile  oxygen  acids. 

ß.  Salts  of  bismuth  with  organie 
acids. 


c.  By  precipitation  as  tersulpliide  of  bismuth. 

This  method  is  had  recourse  to  in  all  cases  where  a or  b is  inadmissible. 

Determination  of  bismuth  as  teroxide. 

a.  By  precipitation  as  carbonate  of  teroxide  of  bismuth. 

Mix  the  solution  of  bismuth  with  carbonate  of  ammonia  in  excess,  and 
heat  a short  time  nearly  to  boiling ; filter,  dry  the  precipitate,  and  ignite 
it  in  the  manner  described  § 92  (ignition  of  carbonate  of  lead)  ; the 
process  of  ignition  serves  to  convert  the  carbonate  into  the  pure  teroxide 
of  bismuth.  Should  the  solution  be  too  concentrated,  dilute  it  with  water, 
previously  to  the  addition  of  the  carbonate  of  ammonia ; whether  the 
dilution  leads  to  the  precipitation  of  basic  nitrate  of  bismuth  or  not,  is  a 
matter  of  perfect  indiffcrence.  For  the  properties  of  the  precipitate  and 
residue,  see  § 65. 

The  method  gives  accurate  results,  tliough  generally  a trifie  too  low, 
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owing  to  the  circumstance  tliat  carbonate  of  teroxide  of  bismuth  is  not 
absolutely  insoluble  in  carbonate  of  ammonia. 

Were  you  to  attempt  to  precipitate  bismuth  by  means  of  carbonate  of 
ammonia,  from  Solutions  containing  sulphuric  acid  or  bydrochloric  acid, 
you  would  obtain  incorrect  results,  since  the  teroxide  would  contain,  in  the 
former  case,  an  admixture  of  basic  sulphate,  in  the  latter  of  basic  ter- 
cliloride  of  bismuth.  Were  you  to  filter  off  the  precipitate,  without 
previous  application  of  heat,  part  of  the  basic  carbonate  would  remain  in 
solution,  wliich  wmuld,  of  course,  considerably  reduce  the  resulting  numbers. 
(Experiment  No.  69.) 

b.  By  ignition. 

a.  Compounds  like  the  carbonate  or  nitrate  of  teroxide  of  bismuth  are 
ignited  in  a porcelain  crucible  until  their  weight  remains  constant. 

ß.  Compounds  of  teroxide  of  bismuth  with  orgauic  acids,  are  treated 
like  the  corresponding  compounds  of  oxide  of  copper  (§  95.  1.  b.  ß .) 

c.  By  precipitation  as  tersulphide  of  bismuth. 

Dilute  the  solution  with  water  slightly  acidulated  with  acetic  acid  (to 
prevent  the  precipitation  of  a basic  salt),  aud  precipitate  with  sulphuretted 
liydrogen  water  or  gas  ; filter,  and  wash  the  precipitate.  Or  mix  with 
ammonia  until  the  free  acid  is  neutralized,  and  then  add  sulphide  of  ammo- 
nium  in  excess. 

The  tersulphide  of  bismuth  may  be  weighed  in  that  form,  if  the  operator 
is  convinced  that  no  free  sulphur  has  been  thrown  down  in  conjunction 
with  it.  But,  as  in  the  case  of  compounds  of  bismuth  we  have  mostly  to 
deal  with  very  acid  Solutions,  and  which  contain  nitric  acid,  there  is 
generally  reason  to  apprehend  a partial  decomposition  of  the  sulphuretted 
hydrogen,  attended  with  Separation  of  free  sulphur,  on  which  account  it  is 
always  safest  to  convert  the  tersulphide  into  teroxide.  To  this  end  the 
filter,  with  the  washed  and  still  moist  precipitate  on  it,  is  put  into  a 
beaker-glass,  and  heated  with  moderately  strong  nitric  acid  until  complete 
decomposition  is  effected  ; the  solution  is  then  diluted  with  water,  slightly 
acidulated  with  acetic  or  nitric  acid,  and  filtered,  the  filter  being  washed 
with  the  acidulated  water ; the  filtrate  is  then  finally  precipitated  as 
directed  in  a. 


§ 97. 

7.  OXIDE  OF  CADMIUM. 

a.  Solution. 

Cadmium,  its  oxide,  and  all  the  otlier  compounds  of  it  which  are  inso- 
luble in  wrater,  are  dissolved  in  bydrochloric  acid  or  in  nitric  acid. 

b.  Determination. 

Cadmium  is  weighed  either  in  the  form  of  oxide,  or  in  that  of  sul- 
phide (§  66). 


§98.] 


TEROXIDE  OF  GOLD. 


203 


We  may  convert  into 


1.  OXIDE  OF  CADMIUM. 


a.  By  preeipitation. 

The  compounds  of  cadmium 
which  are  soluble  in  water ; the 
insoluble  compounds,  the  acid  of 
which  is  removed  upon  their  so- 
lution  in  liydrochloric  acid  ; salts  of 
cadmium  with  organic  acids. 


b.  By  ignition. 

Salts  of  cadmium  with  readily 
volatile,  or  easily  decomposable,  in- 
organic  oxygen  acids. 


2.  SULPHIDE  OF  CADMIUM. 


All  compounds  of  cadmium  without  exception. 

1.  Determination  as  oxide  of  cadmium. 

a.  By  preeipitation. 

Precipitate  with  carbonate  of  potassa,  wasli  the  precipitated  carbonate  of 
cadmium,  and  reduce  it,  by  ignition,  to  the  state  of  pure  oxide.  For  the 
details  of  the  method  of  proceeding,  I refer  the  Student  to  § 85.  (Zinc.) 
For  the  properties  of  the  precipitate  and  residue,  see  § 6(i. 

b.  By  ignition. 

See  § 85  c.  (Zinc.) 

2.  Determination  as  sulphide  of  cadmium. 

Precipitate  the  solution — if  neutral  or  acid,  with  sulphuretted  hydrogen 
wrater  or  gas — if  alkaline,  with  sulphide  of  ammonium,  collect  the  precipi- 
tate upon  a weighed  filter,  wash,  dry  at  212°,  and  weigh.  For  the  pro- 
perties of  the  precipitate,  see  § 66.  The  results  are  accurate. 

Should  the  precipitated  sulphide  of  cadmium  contain  an  admixture  of 
free  sulphur,  it  must  be  converted  into  nitrate  or  chloride  of  cadmium,  and 
subsequentlv  precipitated  as  carbonate  of  cadmium,  in  the  manner  directed 
§ 85.  b.  (Zinc.) 

SIXTH  GROUP  OF  THE  BASES. 


TEROXIDE  OF  GOLD BINOXIDE  OF  PLATINUM — TEROXIDE  OF  ANTI- 
MON Y — BINOXIDE  OF  TIN — PROTOXIDE  OF  TIN ARSENIOUS  ACID 

AND  ARSENIC  ACID. 

§ 98. 

1.  TEROXIDE  OF  GOLD. 

a.  Solution. 

Metallic  gold,  and  all  compounds  of  gold  insoluble  in  water,  are  heated 
with  liydrochloric  acid,  and  nitric  acid  is  gradually  added,  until  complete 
solution  is  effected  ; or  they  are  repeatedly  digested  with  strong  chlorine 
water.  The  latter  method  is  resorted  to  more  especially  in  cases  where  we 
liave  to  dissolve  small  quantities  of  gold,  and  wish  to  leave  undissolved 
other  oxides  that  may  happen  to  bc  mixed  with  it. 
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b.  Determination. 

Gold  is  always  weighed  in  the  metallic  state,  to  which  its  compounds  are 
reduced  by  direct  precipitation,  or  by  ignition,  preceded,  in  some  cases, 
by  precipitation  as  tersulphide  of  gold. 

We  may  convert  into 

METALLIC  GOLD. 

a.  By  ignition.  b.  By  precipitation  as  metallic 

All  compounds  of  gold  which  con-  gold. 

tain  no  fixed  acid.  All  compounds  of  gold,  without 

exception,  in  cases  where  a is  inap- 
plicable. 

c.  By  precipitation  as  tersulphide  of  gold. 

Tliis  method  serves  to  effect  the  Separation  of  gold  from  certain  other 
metals  that  happen  to  be  mixed  with  it  in  a solution. 

Determination  as  metallic  gold. 

a.  By  ignition. 

Heat  in  a covered  porcelain  or  platinum  crucible,  very  gently  at  first» 
but  finally  to  redness,  and  weigh  the  residuary  pure  gold.  For  properties 
of  the  residue,  see  § 67.  The  results  are  most  accurate. 

b.  By  precipitation  as  metallic  gold. 

a.  The  solution  is  free  from  nitric  acid. 

Mix  the  solution  with  a little  hydrochloric  acid,  if  it  does  not  already 
coutain  some  of  that  acid  in  the  free  state,  and  add  a clear  solution  of  sul- 
phate  of  protoxide  of  iron  in  excess;  heat  gently  for  a few  hours,  until  the 
precipitated  fine  gold  powder  has  completely  subsided;  filter,  wash,  dry, 
and  ignite.  (§  35.)  A porcelain  dish  is  a more  appropriate  vessel  to 
effect  the  precipitation  in  than  a beaker-glass,  as  the  heavy  fine  gold 
powder  is  more  readily  rinsed  out  of  the  former  than  out  of  the  latter.  The 
results  are  accurate. 

ß.  The  solution  of  gold  contains  nitric  acid. 

Evaporate  the  solution  on  a water-bath,  to  the  consistence  of  syrup, 
adding  from  time  to  time  hydrochloric  acid  ; dissolve  the  residue  in  water 
containing  hydrochloric  acid,  and  treat  the  solution  as  directed  in  a.  It 
will  sometimes  happen  that  the  residue  does  not  completely  dissolve,  in 
consequence  of  a partial  decomposition  of  the  terchloride  of  gold  into 
protochloride  and  metallic  gold;  however,  this  is  a matter  of  perfect 
indifference. 

y.  In  cases  where  it  is  wished  to  avoid  the  presence  of  iron  in  the 
filtrate,  the  gold  may  be  reduced  by  means  of  oxalic  acid.  To  this  end, 
the  solution — freed  previously,  if  necessary,  from  nitric  acid,  in  the  manner 
directed  in  ß — is  mixed  in  a beaker-glass,  with  oxalate  of  ammonia  in 
excess,  some  hydrochloric  acid  is  added  (if  that  acid  is  not  already  present 
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in  the  free  state),  and  the  vessel,  covered  with  a glass-plate,  is  kept  standing 
for  two  days  in  a moderately  warm  place.  At  the  end  of  that  time,  the 
whole  of  the  gold  will  be  found  to  have  separated  in  small  yellow  scales ; 
the  supernatant  fluid  is  then  filtered  off  from  the  gold,  and  the  latter 
washed,  dried,  and  ignited. 

c.  By  precipitation  as  tersulphide  of  gold. 

Sulphuretted  liydrogen  gas  is  transmitted  in  excess  through  the  dilute 
solution  of  the  compound  under  examination ; the  precipitate  fonned  is 
speedily  filtered  off,  without  heating,  washed,  dried,  and  ignited  in  a por- 
celain  or  platinum  crucible.  For  the  properties  of  the  precipitate,  see 
§ 67.  The  results  are  accurate. 


§ 99. 

2.  BINOXIDE  OF  PLATINUM. 


a.  Solution. 

Metallic  platinum,  and  the  compounds  of  platinum  which  are  insoluble  in 
water,  are  dissolved  by  digesting  them,  at  a gentle  heat,  witli  nitroliydro- 
chloric  acid. 

b.  Determination. 

Platinum  is  invariably  weighed  in  the  pure  metallic  state,  to  which  its 
compounds  are  reduced,  either  by  precipitation  as  bichloride  of  platinum 
and  chloride  of  ammonium,  or  as  bichloride  of  platinum  and  chloride  of 
potassium,  or  as  bisulphide  of  platinum,  or  by  ignition.  All  the  com- 
pounds of  platinum,  without  exception,  may,  in  most  cases,  be  reduced 
to  the  metallic  state  by  either  of  these  methods.  Which  is  the 
most  advantageous  process  to  be  pursued  in  special  instances,  depends 
entirely  upon  the  circumstances  of  particular  cases.  The  reduction 
of  compounds  of  platinum  to  the  metallic  state  by  simple  ignition, 
is  preferable  to  the  other  methods,  in  all  cases  where  its  application 
is  admissible.  The  precipitation  as  bisulphide  of  platinum  is  resorted 

to  exclusively  to  effect  the  Separation  of  platinum  from  other  metals. 

Determination  as  metallic  platinum. 

a.  By  precipitation  as  bichloride  of  platinum  and  chloride  of  ammonium. 

Mix  the  solution  in  a beaker-glass,  with  ammonia,  until  the  excess  of 
acid  (that  is,  supposingan  excess  of  acid  to  be  present),  is  nearly  saturated  ; 
add  chloride  of  ammonium  in  excess,  and  mix  the  fluid  with  a pretty  large 
portion  of  absolute  alcohol.  Should  your  solution  of  platinum  be  very 
dilute,  you  must  concentrate  it  previously  to  the  addition  of  the  alcohol. 

Cover  the  vessel  now  with  a glass-plate,  and  let  it  stand  for  twenty- 
four  hours,  after  which  filter  (on  an  unweighed  filter),  wash  the  precipi- 
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täte  thoroughly  with  spirits  of  wine,  of  about  80  per  cent.,  and  dry  it 
carefully. 

Put  the  dry  precipitate,  wrapped  up  in  the  filter,  into  a weighed  platinum 
crucible,  cover  tliis,  and  apply  a very  gentle  heat,  until  no  rnore  fumes  of 
chloride  of  ammonium  escape ; now  remove  the  lid,  place  the  crucible 
obliquely  (§  35),  and  incinerate  the  filter,  which  latter  Operation  you  may  aid 
by  addition  of  a little  dry  nitrate  of  ammonia.  Apply  finally  an  intense  heat 
for  sorne  time,  and  then  weigh  the  residue.  For  the  properties  of  the  preci- 
pitate and  residue,  see  § 68.  The  results  are  satisfactory,  though  generally 
a little  too  low,  as  the  bichloride  of  platinum  and  chloride  of  ammonium 
are  not  altogether  insoluble  in  spirits  of  wine  (Experiment  No.  15);  and 
as  the  fumes  of  chloride  of  ammonium  evolved  during  the  first  stage  of  the 
process  of  ignition  are  liable  to  carry  along  with  them  traces  of  the  yet  unde- 
composed  double  chloride,  if  the  application  of  heat  is  not  conducted  with 
the  greatest  possible  care  and  caution. 

If  the  precipitated  bichloride  of  platinum  and  chloride  of  ammonium 
were  weighed  in  that  form,  the  results  would  be  inaccurate,  siuce,  as  I have 
convinced  myself  of  by  direct  experiments,  it  is  impossible  to  free  the 
double  chloride  by  washing  with  spirits  of  wine,  thoroughly  from  all  traces 
of  the  chloride  of  ammonium  thrown  down  in  conjunction  with  it,  without 
dissolving,  at  the  same  time,  a considerable  portion  of  the  double  chloride. 
As  a general  rule,  however,  the  results  obtained  by  weighing  the  bichloride 
of  platinum  and  chloride  of  ammonium  in  that  form  are  one  or  two  per 
cent  too  high. 

b.  By  precipitation  as  bichloride  of  platinum  and  chloride  of  potassium. 

Mix  the  solution  of  the  compound  under  examination  in  a beaker-glass, 
with  potassa,  until  the  greater  part  of  the  excess  of  acid  (if  there  be  any) 
is  neutralized  ; add  chloride  of  potassium  slightly  in  excess,  and  finally  a 
pretty  large  portion  of  absolute  alcohol ; should  your  solution  of  platinum 
be  very  dilute,  you  must  concentrate  it  previously  to  the  addition  of  the  alco- 
hol. Let  the  mixture  stand  for  twenty-four  hours,  after  which  filter.  Col- 
lect the  precipitate  upon  a weighed  filter,  wash  with  spirits  of  wine  of  70  per 
cent,  dry  thoroughly  at  212°,  and  weigh.  Now  put  a portiou  of  the  dried 
precipitate  into  a weighed  bulb-tube,  and  clean  the  ends  of  the  latter  with 
the  beard  of  a quill ; then  weigh  the  tube  again,  to  ascertain  the  exact  amouut 
of  bichloride  of  platinum  and  chloride  of  potassium  which  it  contains.  Con- 
nect  the  tube  now  with  an  apparatus  evolving  dry  hydrogen  gas  (Fig.  40), 
and  heat  its  contents  to  redness,  until  no  more  hydrochloric  acid  fumes  are 
evolved,  which  you  may  readily  ascertain  by  holding  a glass  rod  moistened 
with  ammonia  to  the  opening  of  the  tube.  Let  the  contents  of  the  bulb 
cool,  remove  the  tube  from  the  apparatus,  fill  it  with  water,  decant  the  so- 
lution of  chloride  of  potassium  cautiously,  wash  the  residuary  platinum 
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carefully,  dry  the  tube  thoroughly,  by  heating  it  in  a stream  of  hydrogen 
gas,  and  weigh.  Subtract  from  the  weight  found  the  original  weight 
of  the  empty  tube,  and  calculate  from  the  remainder  (the  weight  ol  the 
residuary  platinum  in  the  tube)  the  amount  of  platinum  contained  in  the 
precipitate  of  the  bichloride  of  platinum  and  chloride  of  potassium. 

For  the  properties  of  the  precipitate  and  residue,  see  § 68. 

The  results  are  more  accurate  than  those  obtained  by  method  a,  since,  on 
the  one  haud,  the  bichloride  of  platinum  and  chloride  of  potassium  is  more 
insoluble  in  spirits  of  wine  than  the  correspondiug  ammonium  salt ; and, 
on  the  other  hand,  loss  of  substance  is  less  likely  to  arise  during  the  pro- 
cess  of  ignition  than  is  the  case  in  method  a.  The  results  would  be  less 
accurate  were  the  ignition  effected  simply  in  a crucible,  since  in  that  case 
complete  decomposition  would  not  ensue,  at  all  events  not  if  the  amount 
of  substance  acted  upon  is  at  all  considerable.  To  weigh  the  bichloride  of 
platinum  and  chloride  of  potassium  in  that  form  would  not  be  practicable, 
as  it  is  impossible  to  remove,  by  washing  with  spirits  of  wine,  all  traces  of 
the  chloride  of  potassium  thrown  down  in  conjunction  with  it,  without,  at 
the  same  time,  dissolving  a portion  of  the  double  chloride. 

c.  By  precipitation  as  bisulphide  of  platinum. 

Precipitate  the  solution,  either  with  sulphuretted  hydrogen  water  or  gas, 
according  to  its  greater  or  less  dilution,  heat  the  mixture  to  incipient  ebul- 
lition,  filter,  wash  the  precipitate,  dry,  and  ignite  (§35).  For  the  pro- 
perties of  the  precipitate  and  residue,  see  § 68.  The  results  are  accurate. 

d.  By  ignition . 

Heat  in  a covered  porcelain  or  platinum  crucible,  very  gently  at  first, 
but  finally  to  redness,  and  weigh  the  residuary  pure  platinum.  For  the  pro- 
perties of  the  residue,  see  § 68.  The  results  are  most  accurate. 

§ 100. 


3.  TEROXIDE  OF  ANTIMONY. 

a.  Solution. 

Teroxide  of  antimony,  and  the  compounds  of  that  metal  which  are  inso- 
luble in  water,  or  are  decomposed  by  that  agent,  are  dissolved  in  more  or 
less  concentrated  hydrochloric  acid.  Metallic  antimony  is  dissolved  best 
in  nitrohydrochloric  acid.  The  ebullition  of  a hydrochloric  acid  solution  of 
terchloride  of  antimony  is  attended  with  partial  volatilization  of  the  latter  ; 
the  concentration  of  a solution  of  the  kind  by  evaporation  involves  accord- 
ingly  loss  of  substance.  Solutions  so  higlily  dilute  as  to  necessitate  a re- 
course  to  evaporation,  must  therefore  previously  be  supersaturated  with 
potassa. 

b.  Determination. 

Antimony  is  weighed  either  as  tersulphide,  or  as  metallic  antimony,  or 
as  antimonious  acid  (SbOa). 
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We  mav  convert  into 

1.  TERSULPHIDE  OF  ANTIMONY.  2.  ANTIMONIOUS  ACID. 

All  compounds  of  antiinony  witli-  The  oxides  of  antimony,  and  their 
out  exception.  salts  with  readily  volatile  or  decorn- 

posable  oxygen  acids. 

3.  METALLIC  ANTIMONY. 

All  compounds  of  teroxide  of  antimony  without  exception. 

The  metliod  3 is  generally  had  recourse  to  only  for  the  purpose  of  sepa- 
rating  antimony  from  tin  ; a detailed  description  of  it  will  be  found  in 
the  proper  place,  in  the  fifth  Section. 

1.  Precipitation  as  tersulphide  of  antimony. 

a.  The  operator  is  convinced  that  the  solution  contains  teroxide  of  anti- 
mony or  terchloride,  and  no  other  substance  possessing  the  property  of  de- 
composing  sulphuretted  hydrogen* 

Mix  the  solution  with  some  hydrochloric  acid,  if  it  does  not  already  con- 
tain  that  acid,  add  tartaric  acid,  and  dilute  with  water,  if  necessary. 
Conduct  into  the  clear  solution  sulphuretted  hydrogen  gas,  until  it  predo- 
minates  strongly.  Cover  the  beaker-glass  now  with  a glass-plate,  and  let 
it  stand  half  an  houri  na  moderately  warm  place  ; then  filter  without  inter- 
ruption  through  a weighed  filter,  wasli  the  precipitate  thoroughly  with  water, 
dry  at  212°,  and  weigh.  For  the  properties  of  the  precipitate,  see  § 69. 
The  results  are  generally  a trifle  too  high,  owing  to  traces  of  free  sulphur 
precipitatingin  conjunction  with  the  tersulphide  of  antimony.  As  a precau- 
tionary  measure,  it  is  invariably  advisable  to  dissolve  a small  portion  of  the 
weighed  precipitate  in  hydrochloric  acid,  at  a high  temperature.  If  this 
leaves  no  appreciable  trace  of  sulphur,  the  results  may  be  considered  accu- 
rate  ; but  if  a perceptible  amount  of  sulphur  remains,  the  precipitated  tersul- 
phide of  antimony  must  be  treated  as  directed  in  b. 

b.  The  solution  contains,  besules  teroxide  of  antimony,  also  antimonious 
acid,  or  antirnonic  acid,  or  some  substance  possessing  the  property  of 
decomposing  sulphuretted  hydrogen. 

The  solution  is  treated  as  directed  in  a,  with  this  difference,  that,  pre- 
viously  to  filtration,  the  beaker-glass  containing  the  precipitated  fluid  is 
covered  with  paper,  and  kept  standing  in  a moderately  warm  spot  until  the 
odor  of  sulphuretted  hydrogen  lias  completely  disappeared. 

The  precipitate  is  washed,  dried,  and  weighed,  as  in  a ; it  consists  of  an 
unknown  sulpliide  of  antimony  mixed  with  free  sulphur,  or,  in  other  terms, 
of  antimony  + x sulphur. 

To  determine  the  amount  ot  the  antimony  present,  it  is  necessary,  there- 

* This  conviction  the  operator  may  safely  entertain,  in  all  cases  where  he  has  tersulphide 
of  antimony,  or  a salt  of  the  teroxide,  dissolved  in  hydrochloric  acid  ; but  not  if  the  solution 
contains  also  nitric  acid. 
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fore,  either  to  separate  this  metal  from  tlie  sulphur,  or  to  ascertain  the 
proportion  of  sulphur  preseut  in  the  precipitate. 

To  separate  the  autimony  from  the  sulphur,  the  precipitate  may  be 
heated  in  a bulb-tube  in  a stream  of  hydrogen  gas,  until  the  formation 
of  sulphuretted  hydrogen  ceases  completely.  But  since  a slight  loss  of 
antimony  can  hardly  be  avoided  in  this  process  (the  stream  of  hydrogen 
gas  tending  to  carry  off  mechanically  particles  of  the  antimony),  it  is  pre- 
ferable  to  determine  the  amount  of  sulphur  present  in  the  precipitate,  and 
to  calculate  from  this  the  proportion  of  antimony. 

For  this  purpose,  the  precipitate,  dried  on  the  filter  at  212°,  is  weighed 
in  a platinum  crucible  ; as  much  of  it  as  may  be  detached  from  the  filter 
without  difficulty  is  then  cautiously  transferred  to  a dry  flask  : the  filter, 
with  the  still  adhering  portion  of  the  precipitate,  is  now  put  back  into  the 
crucible,  and  the  latter  is  then  again  weighed  ; the  difference  between  the 
results  of  the  two  weighings  expresses  the  quantity  of  the  precipitate 
in  the  flask. 

Red  fuming  nitric  acid,  perfectly  free  from  sulphuric  acid,  is  now  gra- 
dually  dropped  upon  the  contents  of  the  flask.  When  the  action  of  the 
acid  has  a little  abated  in  energy,  a little  more  nitric  acid,  and  some 
liydrochloric  acid,  are  added,  and  heat  applied  ; or  chlorate  of  potassa  is 
added  to  the  sulphide  of  antimony  in  the  flask,  and  then  nitric  acid  (which 
need  not  be  fuming)  or  strong  liydrochloric  acid,  and,  after  a time,  a 
moderate  heat  is  applied.  As  soon  as  the  wliole  mass  is  dissolved,  or  the 
sulphur  which  may  have  separated  appears  of  a pure  yellow  color,  a suffi- 
cient  quantity  of  tartaric  acid  is  added  without  delay,-  and  the  solutiou 
then  diluted  with  water.  Two  cases  are  possible  now,  viz.  : — 

a.  The  solution  is  perfectly  clear,  and  contains  no  trace  of  separated 
sulphur. 

Solution  of  chloride  of  barium  is  added  in  slight  excess,  and  the  preci- 
pitated  sulphate  of  baryta  is  then  determined,  as  directed  § 1 05,  care  being 
taken  to  wash  it  thoroughly,  and  to  treat  it  after  ignition  once  more  with 
liydrochloric  acid  and  water.  The  quantity  of  sulphur  in  the  sulphate  of 
baryta  is  now  accurately  calculated ; this  being  equal  to  the  quantity  of 
sulphur  which  was  present  in  the  oxidized  portion  of  the  sulphide  of  anti- 
mony ; and  the  proportion  of  the  latter  to  the  wliole  of  the  original  precipi- 
tate being  known,  the  amount  of  sulphur,  and  accordingly  also  the  amount 
of  antimony  contained  in  the  latter,  may  be  found  by  a simple  cal- 
culation.  Or, 

ß.  The  solution  is  clear,  but  contains  separated  sulphur. 

The  solution  is  passed  through  a small  weighed  filter  ; the  sulphur,  col- 
lected  on  the  latter,  is  dried  at  212°,  and  weighed.  The  filtrate  is  treated 
as  in  a,  and  the  weight  of  the  free  sulphur  added  to  that  calculated  from 
the  sulphate  of  baryta. 
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2.  Determination  as  antimonious  acid. 

Evaporate  the  compound  under  examination  cautiously  with  nitric  acid, 
and  ignite  the  residue,  until  the  weight  remains  constant.  The  experiment 
may  safely  be  made  in  a platinum  crucible.  In  the  case  of  antimonious 
acid,  evaporation  with  nitric  acid  is  not  necessary.  For  the  properties 
of  the  residue,  see  § 69.  The  results  are  accurate. 

§ 101. 

4.  PROTOXIDE  OF  TIN,  and  5.  BINOXIDE  OF  TIN. 

a.  Solution. 

In  dissolving  compounds  of  tin  soluble  in  water,  a little  hydrochloric 
acid  is  added  to  ensure  a clear  solution.  Nearly  all  the  compounds  of  tin 
insoluhle  in  water  dissolve  in  hydrochloric  acid,  or  in  nitrohydrochloric 
acid.  The  insoluhle  modification  of  the  binoxide,  and  its  compounds,  must 
he  prepared  for  solution  in  hydrochloric  acid,  by  reduction  to  the  state  of 
fine  powder,  and  fusing  with  hydrate  of  potassa  or  soda  in  excess,  in 
a silver  crucible.  Metallic  tin  is  dissolved  best  in  nitrohydrochloric  acid  ; 
it  is  generally  determined,  however,  by  Converting  it  into  binoxide,  without 
previous  solution.  Acid  Solutions  of  tin,  which  contain  hydrochloric  acid, 
or  a chloride,  cannot  be  concentrated  by  evaporation,  not  even  after  addi- 
tion  of  nitric  acid  or  sulphuric  acid,  without  volatilization  of  bichloride  of 
tin  taking  place. 

b.  Determination. 

Tin  is  either  weighed  in  the  form  of  binoxide,  or  determined  by  analysis 
by  measure.  It  is  converted  into  binoxide  either  hy  the  agency  of  nitric 
acid,  or  by  precipitation  as  hydrated  binoxide,  or  by  precipitation  as  sul- 
phide  (protosulphide  or  bisulphide,  as  the  case  may  be). 

We  may  convert  into 


BINOXIDE  OF  TIN. 

a.  By  the  agency  of  nitric  acid. 

Metallic  tin,  and  those  compounds  of  tin  which  contain  no  fixed  acid, 
provided  no  compounds  of  chloriue  be  present. 

b.  By  precipitation  as  hydrated  binoxide. 

All  compounds  of  tin  containing  volatile  acids,  provided  no  non-volatile 
organic  substances,  nor  sesquioxide  of  iron,  be  present. 

c.  By  precipitation  as  protosulphide  or  bisulphide. 

All  compounds  of  tin  w'ithout  exceptiou. 

In  methods  a and  c,  it  is  quite  indifferent  whether  the  tin  is  present  in 
the  state  of  protoxide  or  in  that  of  binoxide.  The  method  b requires  the 
tin  to  be  present  in  the  state  of  binoxide  ; the  methods  of  analysis  by 
measure  require  it  in  the  state  of  protoxide. 
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The  metliods  of  determiniug  protoxide  and  binoxide  of  tin  in  presence 
of  each  other,  will  be  found  in  Section  Y. 

1.  Determination  of  tin  as  binoxide. 

a.  By  the  action  of  nitric  acid. 

This  method  is  resorted  to  principally  to  convert  metallic  tin  into 
binoxide.  For  this  purpose  the  finely  divided  metal  is  put  into  a capacious 
flask,  and  gradually  treated  with  pretty  strong  pure  nitric  acid  (about  1*3 
sp.  gr.)  ; the  flask  is  then  covered  with  a watch  glass.  When  the  first 
impetuous  action  of  the  acid  has  somewhat  abated,  a gentle  lieat  is  ap- 
plied until  the  binoxide  formed  appears  of  a pure  white  color,  and  further 
action  of  the  acid  is  no  longer  perceptible.  Water  is  then  added,  and  the 
fluid  filtered  off ; the  binoxide  is  washed,  dried,  ignited,  and  weighed.  The 
ignition  is  effected  best  in  a small  porcelain  crucible,  according  to  the 
directions  giving  in  § 35;  still  a platinum  crucible  may  also  be  used. 
Compounds  of  tin  which  contain  no  fixed  substances,  may  be  converted 
into  binoxide  also  by  treating  them  in  a porcelain  crucible  with  nitric 
acid,  evaporating  to  dryness,  and  igniting  the  residue.  If  sulphuric  acid 
be  present,  the  expulsion  of  that  acid  may  be  promoted  in  the  last  stages 
of  the  process,  by  carbonate  of  ammonia,  as  in  the  case  of  bisulpliate 
of  potassa  (§  76,  1,  and  § 47).  For  the  properties  of  the  residue,  see 
§ 70.  The  results  are  accurate. 

b.  By  precipitation  as  hydrate  of  binoxide. 

The  application  of  this  method  presupposes  that  the  whole  of  the  tin  is 
present  in  the  state  of  binoxide  or  bichloride.  Therefore  if  a solution 
contains  protoxide,  this  must  first  be  converted  into  binoxide  before  the 
quantitative  estimation  can  be  proceeded  with.  For  this  purpose,  mix  the 
solution  with  chlorine  water,  conduct  chlorine  into  it,  or  heat  gently  with 
chlorate  of  potassa,  until  the  conversion  of  the  protoxide  into  binoxide  is 
effected.  When  this  has  been  done,  add  ammonia,  until  a permanent 
precipitate  just  begins  to  form,  and  then  hydrochloric  acid,  drop  by 
drop,  until  this  precipitate  is  redissolved ; by  this  means  a large  excess 
of  hydrochloric  acid  in  the  solution  will  be  avoided.  Add  to  the  fluid 
so  prepared,  a concentrated  solution  of  sulphate  of  soda  (or  of  nitrate 
of  potassa,  or  nitrate  of  soda,  or  nitrate  of  ammonia),  and  apply  heat, 
whereupon  the  whole  of  the  tin  will  precipitate  as  hydrate  of  bin- 
oxide. Filter,  wash  (§  31),  dry,  and  ignite.  To  make  quite  sure  that 
the  whole  of  the  tin  has  separated,  you  need  simply,  before  you  proceed  to 
filter,  add  a few  drops  of  the  clear  supernatant  fluid  to  a hot  solution  of 
sulphate  of  soda,  when  the  formation  or  non-formation  of  a precipitate 
will  be  decisive. 

This  method,  which  we  owe  to  J.  Löwenthal , who  has  also  repeatedly 
tested  its  merits  in  my  own  laboratory  (Journal  für  prakt.  Chem.  56,  366), 
is  easy  and  convenient,  and  gives  very  accurate  results.  The  decompo- 
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sition  is  expressed  by  tlie  equation  SuCl2  -(-4  (NaO,  S03 ) -f  4 H0  = Sn02, 
2 IIO  + 2 NaCl  + 2 (NaO,  S03)  + 2 (HO,  S03). 

c.  By  precipitation  as  protosulphide  or  bisulphide  of  tin. 

Precipitate  the  dilute  neutral  or  acid  solution  with  sulphuretted  hydro- 
gen  gas.  If  the  tin  was  present  in  the  solution  in  the  form  of  prot- 
oxide,  and  the  precipitate  consists  accordingly  of  the  brown  protosul- 
phide, keep  the  solution,  supersaturated  with  sulphuretted  hydrogen, 
Standing  for  half  an  hour  in  a moderately  warm  place,  and  then  filter  ; if, 
on  the  other  hand,  the  solution  contains  a salt  of  binoxide  of  tin,  and  the 
precipitate  consists  accordingly  of  the  yellow  bisulphide,  put  the  fluid, 
loosely  covered,  in  a warm  place,  until  the  odor  of  sulphuretted  hydrogen 
has  gone  off,  and  then  filter.  Put  the  filter  with  the  not  quite  dry  pre- 
cipitate, into  a porcelain  crucible,  and  apply  a very  gentle  heat,  with  free 
access  of  air,  until  the  odor  of  sulphurous  acid  is  no  longer  perceptible. 
Increase  the  heat  now  gradually  to  a high  degree  of  intensity,  and  treat 
the  residue  repeatedly  with  some  carbonate  of  ammonia  (see  § 47  and 
76,1),  in  order  to  insure  the  complete  expulsion  of  the  sulphuric  acid 
which  may  be  present.  Were  you  to  apply  a very  intense  heat  from 
the  beginning,  fumes  of  bisulphide  of  tin  would  escape,  which  would  burn 
to  binoxide  ( H . Rose).  For  the  properties  of  the  precipitates,  see  § 70. 
The  results  are  accurate. 

2.  Determination  by  analysis  by  measure. 

The  various  methods  of  estimating  by  analysis  by  measure  the  quantity 
of  tin  contained  in  a compound  or  mixture,  are  all  based  upon  the  cou- 
version  of  the  protoxide  of  tliat  metal  into  the  binoxide,  by  means  of  some 
oxidising  agent.  Gaultier  de  Claubry  uses  tincture  of  iodine  as  oxidising 
agent ; Mene,  sesquichloride  of  iron ; Penny,  bichromate  of  potassa ; 
Schivars  (in  absence  of  iron),  permanganate  of  potassa. 

In  cases  therefore,  where  we  have  the  whole  of  the  tin  in  solution  in 
the  form  of  protoxide,  or  where  it  is  simply  intended  to  determine  the 
quantity  of  protoxide  of  tin  contained  in  a solution,  these  methods  are 
easy  ; but  when  the  whole  or  part  of  the  tin  to  be  estimated  in  a solution, 
happens  to  exist  in  the  form  of  binoxide,  they  present  some  difficulties. 

The  iodine  method  is  the  one  best  adapted  to  obviate  or  overcome  these 
difficulties. 

The  facts  on  which  this  method  is  based,  are  the  following  : 

1.  One  equivalent  of  iodine  converts  one  equivalent  of  tin  from  the 
state  of  protoxide  or  protochloride  to  tliat  of  binoxide  or  bichloride. 

2.  The  addition  of  iodine  to  a solution  of  protochloride  of  iron  does 
not  occasion  the  formation  of  sesquichloride  of  iron. 

In  the  performance  of  the  analytical  process,  attention  must  be  paid  to 
the  following  points : 

a,  The  solution  of  the  compound  of  tin  is  effected,  if  possible,  by 
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means  of  hydrochloric  acid  alone ; should  tliis  agent,  however,  fail  to 
produce  the  desired  result,  nitric  acid  is  added  to  it,  but  as  little  of  it  as 
possible. 

b.  The  hydrochloric  acid  solution  is  boiled  with  an  excess  of  small  pieces 
of  iron  wire,  to  convert  the  hichloride  of  tin  present  into  protochloride. 
When  there  is  reason  to  helieve  that  this  object  has  been  attained, 
the  liquid  cooled  down  is  poured  off  into  a measuring  flask,  and  the  uu- 
dissolved  iron  is  washed  with  water  freed  from  air  hy  ebullitiou,  and 
acidulated  with  hydrochloric  acid. 

The  fluid  is  now  diluted  to  a certain  definite  volume,  and  uniformly 
intermixed ; a small  portion  of  it  is  poured  into  a boiling  concentrated 
solution  of  sulphate  of  soda : if  this  produce  no  turbidity,  the  solution  of 
tin  is  free  from  bichloride.  A portion  of  it,  containing  about  Ol  grm. 
of  tin  is  taken  out  by  means  of  a graduated  pipette,  and  diluted  with  some 
water  freed  from  air  by  ebullition ; a little  very  thin  starch  paste  is  added, 
and  solution  of  iodine  in  iodide  of  potassium  dropped  into  the  mixture 
until  the  last  drop  produces  a persistent  blue  coloration.  Supposing  the 
solution  of  iodine  to  have  been  prepared  in  Bansen' s way  (5  grammes  of 
iodine  to  25  grammes  of  iodide  of  potassium  and  the  requisite  quantity 
of  water  to  give  a 1000  cubic  centimeters  of  solution:  see  estimation 
of  iodine),  and  to  contain  accordingly  0*005  grm.  of  iodine  per  cubic 
centimeter,  every  cubic  centimeter  used  of  the  iodine  solution  corresponds 
to  0*00231 7 of  tin,  or  50  c.  c.=  100°  correspond  to  0*116  of  tin. 

c.  Should  the  addition  of  the  dilute  fluid  to  the  boiling  concentrated 
solution  of  sulphate  of  soda  (see  b),  have  produced  turbidity  in  the  latter, 
the  portion  removed  with  the  pipette,  and  intended  for  quantitative  esti- 
mation, is  poured  into  a small  flask,  hydrochloric  acid  and  pieces  of  iron 
wire  are  added,  the  flask  is  placed  obliquely,  and  the  mixture  in  it  is  gently 
boiled  for  some  time  ; the  fluid  is  then  decanted  from  the  undissolved  iron, 
the  latter  is  washed  as  above,  and  the  further  Operation  conducted  as  in  b. 

In  Penny' s method  the  decomposition  ensuing  may  be  expressed  as 
follows:  3 SnCl  + KO,  2 Cr03  + 7 HC1=3  SnCl2  + KC1  + Cr2Cl3  + 7 HO. 

One  equivalent  of  bichromate  of  potassa=  1858*26  corresponds  accord- 
ingly to  three  equivalents  of  tin=2206  ; or  0*8424  grm.  of  bichromate 
of  potassa  correspond  to  1*000  of  tin.  (According  to  Penny  0*832  KO, 
2 Cr03  correspond  to  one  gramme  of  tin.) 

If  therefore  we  dissolve  8*424  grammes  of  chemically  pure  bichromate 
of  potassa  in  the  requisite  quantity  of  water  to  give  500  c.  c.  of  solution, 
50  cubic  centimetres=  100°  of  this  solution  correspond  to  one  gramme  of 
tin,  or,  in  other  words,  are  just  sufficient  to  convert  one  gramme  of  tin 
from  the  state  of  protoxide  to  that  of  binoxide. 

To  hit  the  exact  point  when  the  conversion  of  the  protochloride  into 
bichloride  is  terminated,  the  best  way  is  to  add  to  the  highly  dilute  solu- 
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tion  of  tin  some  thin  starch  paste  and  a few  drops  of  solution  of  iodide  of 
potassium.  As  soon  as  the  protochloride  is  completely  converted  into 
bichloride,  the  first  drop  of  solution  of  bichromate  of  potassa  added  in  ex- 
cess  changes  the  transparent  green  of  the  solution  to  an  opaque  violet  blue 
color. 

When  it  is  intended  to  employ  bichromate  of  potassa  as  the  oxidising 
agent,  iron  cannot,  of  course,  be  used  to  effect  the  previous  reduction  of 
the  bichloride  present  to  protochloride ; in  cases  of  the  kind  zinc,  free 
from  iron,  must  be  used  for  the  purpose ; the  application  of  this  agent  is, 
however,  often  attended  with  Separation  of  metallic  tin,  in  whicli  case  the 
mixture  must  be  heated  with  addition  of  hydrochloric  acid,  until  the 
metallic  deposit  is  redissolved. 


§ 102. 

6.  arsenious  acid,  and  7.  ARSENIC  acid. 


a.  Solution. 

The  compounds  of  arsenious  and  arsenic  acids  wliich  are  not  soluble  in 
water,  are  dissolved  in  hydrochloric  acid,  or  in  nitrohydrochloric  acid. 
Some  native  arseniates  of  metallic  oxides  require  fluxing  with  carbonate  of 
soda,  as  an  indispensable  preliminary  to  their  solution.  Metallic  arsenic,  and 
metallic  arsenides  are  dissolved  in  nitrohydrochloric  acid  ; those  metallic 
arsenides  wliich  are  insoluble  in  this  menstruum  are  fused  with  carbonate 
of  soda  and  nitrate  of  potassa,  by  whicli  means  tliey  are  converted  into 
soluble  arseniates  of  the  alkalies  and  insoluble  metallic  oxides.  All  Solu- 
tions of  compounds  of  arsenic  whicli  have  been  effected  by  heating  with 
nitrohydrochloric  acid  in  excess  contain  arsenic  acid.  A solution  of  arseni- 
ous acid  in  hydrochloric  acid  cannot  be  concentrated  by  boiling,  siuce  Chlo- 
ride of  arsenic  would  escape  with  the  hydrochloric  acid  fumes.  This  occurs 
much  less  readily  if  the  solution  contains  arsenic  acid ; it  is  advisable  in 
all  cases  where  a hydrochloric  acid  solution  containing  arsenic  is  to  be  con- 
centrated, to  make  the  same  previously  alkahne. 

b.  Determination. 

Arsenic  is  weighed  as  arseniate  of  lead,  or  as  arseniate  of  magnesia  and 
amtnonia,  or  as  arseniate  of  sesquioxide  of  iron,  or  as  tersulphide  of  arsenic  ; 
it  may  be  estimated  also  in  an  indirect  way,  and  also  by  analysis  by 
measure. 

We  may  convert  into 

1.  ARSENIATE  OF  LEAD. 

Arsenious  and  arsenic  acid  in  aqueous  or  nitric  acid  solution.  (Acids 
or  metalloids  forming  fixed  salts  with  oxide  of  lead  or  metallic  lead,  must 
not  be  present. 

2.  ARSENIATE  OF  MAGNESIA  AND  AMMON IA. 
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Arsenic  acid  in  all  Solutions  free  from  such  acids  or  bases,  as  would  be 
precipitated  by  magnesia  or  ammonia. 

3.  ARSENIATE  OF  SESQTJIOXIDE  OF  IRON. 

Arsenic  acid  in  Solutions  free  from  such  substances  as  fall  down  when  to 
their  solution  is  added  sesquichloride  of  iron  and  then  ammonia,  or  car- 
bonate  of  baryta. 

4.  TERSULPHIDE  OF  ARSENIC. 

All  compounds  of  arsenic  without  exception. 

The  indirect  method  serves  principally  to  effect  the  Separation  of  arseni- 
ous  acid  from  arsenic  acid.  (Compare  Section  Y.) 

1.  Determination  as  arseniate  oflead. 

a.  Arsenic  acid  in  aqueous  solution. 

A weighed  portion  of  the  solution  is  put  into  a platinum  or  porcelain 
dish,  and  a weighed  amount  of  recently  ignited  pure  oxide  of  lead  added 
(about  five  or  six  times  as  much  as  there  is  arsenic  acid  present)  ; the 
mixture  is  cautiously  evaporated  to  dryness,  and  the  residue  heated  to 
gentle  redness,  and  maintained  some  time  at  this  temperature.  The  resi- 
due is  arseniate  of  lead  + oxide  of  lead.  The  quantity  of  arsenic  acid  is 
now  readily  found  by  subtracting  from  the  weight  of  the  residue  that  of 
the  oxide  of  lead  added. 

For  the  properties  of  the  arseniate  of  lead,  see  § 71.  The  results  are 
perfectly  accurate,  provided  the  residue  be  not  heated  beyond  gentle  redness. 

b.  Arsenious  acid  in  solution. 

Mix  the  solution  with  nitric  acid,  add  a weighed  quantity  of  oxide  of 
lead  in  excess,  evaporate  to  dryness,  and  ignite  the  residue  most  cautiously 
in  a covered  crucible,  until  the  whole  of  the  nitrate  of  lead  is  decomposed. 
The  residue  consists  here  also  of  arsenic  acid  + oxide  of  lead.  This 
method  requires  considerable  care  to  guard  against  loss  by  decrepitation 
upon  the  ignition  of  the  nitrate  of  lead. 

2.  Estimation  as  arseniate  of  magnesia  and  ammonia. 

This  method,  w'hich  was  first  recommended  by  Levol,  presupposes  that 
the  whole  of  the  arsenic  is  contained  in  the  solution  in  the  form  of  arsenic 
acid.  Y here  this  is  not  the  case,  the  solution  is  gen;ly  heated  in  a capa- 
cious  flask  with  hydrochloric  acid,  and  chlorate  of  potassa  is  added  in 
small  portions,  until  the  fluid  evolves  a strong  smell  of  chlorous  acid ; it  is 
then  allowed  to  stand  at  a gentle  heat  until  the  odor  of  this  gas  is  nearly 
gone  off. 

The  arsenic  acid  solution  is  now  mixed  with  ammonia  in  excess,  which 
must  not  produce  turbidity,  even  after  stauding  some  time ; a solution  of 
sulphate  of  magnesia  is  then  added,  containing  chloride  of  ammonium  in 
suflicient  quantity  to  prevent  the  fluid  being  rendered  turbid  by  ammonia. 
(The  best  way  is  to  keep  a magnesia  solution  mixed  with  ammonia  and 
chloride  of  ammonium  ready  prepared  in  the  laboratory.)  The  fluid  which 
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smells  strongly  of  ammonia  is  allowed  to  stand  twelve  hours  in  the  cold  ; 
and  subsequently  filtered  through  a weighed  filter  ; the  precipitate  on  the 
filter  is  washed  with  a mixture  of  three  parts  of  water  and  one  part  of 
solution  of  ammonia,  dried  at  212°,  and  weighed.  It  has  the  formula 
2 MgO,  NII^O,  As05  -j-aq.  For  the  properties  of  the  precipitate,  see  § 71 . 
This  method  gives  very  satisfactory  results  (Journal  f.  prakt.  Chem.  56,  32). 

3.  Estimation  as  arseniate  of  sesquioxide  of  iron. 

( Bert  hier  and  V.  KobelV  s method.) 

a.  The  solution  contains  no  other  fixed  bases  besides  alkalies. 

Add  to  the  solution  a measured  quantity  of  solution  of  sesquioxide  of 
iron  of  known  strength,  and  precipitate  with  ammonia.  The  precipitate 
must  be  reddish-brown  : if  it  is  not  of  that  color,  it  is  a sign  that  sufficient 
ot  the  solution  of  sesquioxide  of  iron  has  not  been  added.  Let  the  pre- 
cipitated  liquid  stand  some  time  at  a gentle  heat ; filter,  wash,  and  dry 
the  precipitate  ; expose  the  dry  precipitate  to  a very  gentle  heat,  to  ensure 
the  expulsion  of  the  ammonia  at  a temperature  at  which  it  cannot  ex- 
ercise  a reducing  action  upon  the  arsenic  acid ; increase  the  heat  gradu- 
ally,  and  at  last  to  intense  ignition  ; keep  the  residue  in  this  state  until  the 
weight  remains  constant.  The  residue  is  basic  arseniate  of  sesquioxide  of 
iron  + sesquioxide  of  iron,  or,  dilferently  expressed,  sesquioxide  of  iron-|- 
arsenic  acid.  Deduct  from  the  weight  of  the  residue  the  known  weight 
of  the  sesquioxide  of  iron  added  ; the  remainder  expresses  the  quantity  of 
arsenic  acid  contained  in  the  analysed  solution.  A solution  of  sesquioxide 
of  iron  of  known  strength  may  be  obtained  either  by  dissolving  a weighed 
quantity  of  fine  iron  wire  in  nitric  acid  (100  of  wire  being  assumed  to 
give  142-6  of  sesquioxide),  or  by  precipitating  a nitric  acid  solution  of 
sesquioxide  of  iron  of  unknown  strength  with  ammonia,  washing,  drying, 
and  igniting  (§  90).  The  results  are  accurate.  (Journal  f.  prakt.  Chem. 
56,  32.) 

b.  The  solution  contains  other  fixed  bases. 

The  preceding  method  of  Berthier  is  modified  as  follows,  provided 
the  bases  present  in  the  solution  are  not  precipitated  by  carbonate  of 
baryta  in  the  cold.  This  solution  is  mixed  with  solution  of  sesquioxide  of 
iron  of  known  strength,  as  in  a , but  instead  of  ammonia,  carbonate  of 
baryta  is  added  in  excess  (should  the  fluid  contain  a large  excess  of  free 
acid,  it  is  expedient  to  nearly  neutralise  this  previously  with  carbonate  of 
soda  ; the  fluid  must  however  still  remain  clear).  The  mixture  is  then 
allowed  to  stand  several  hours  in  the  cold,  and  the  precipitate,  which  con- 
tains the  whole  of  the  sesquioxide  of  iron,  the  whole  of  the  arsenic  acid,  and 
some  carbonate  of  baryta,  is  washed  with  cold  water,  first  by  decantation, 
then  upon  the  filter,  dried,  gently  ignited  for  some  time,  and  weighed.  The 
residue  is  dissolved  in  hydrochloric  acid,  the  amount  of  baryta  contained 
in  it  is  determined  by  means  of  sulphuric  acid,  the  sulphate  of  baryta  ob- 
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tained  calculated  as  carbonate,  and  the  calculated  weight,  together  with 
the  known  weight  of  the  sesquioxide  of  iron,  subtracted  from  the  weight 
of  the  original  residue  : the  remainder  expresses  the  quantity  of  arsenic 
acid  contained  in  the  analysed  solution.  This  method,  which  is  recom- 
mended  by  V.  Kobell,  presupposes  the  absence  of  sulphuric  acid.  In 
cases  therefore  where  that  acid  is  present,  it  must  be  removed  before  the 
carbonate  of  baryta  can  be  added  ; this  removal  is  effected  by  precipitat- 
ing  with  Chloride  of  barium,  and  filtering  off  the  precipitate. 

4.  Determination  as  tersulphide  of  arsenic. 

a.  Arsenious  acid,  or  an  arsenite,  in  solution  free  from  arsenic  acid. 

Mix  the  solution  into  a glass-stoppered  flask  with  hydrochloric  acid, 
and  precipitate,  according  to  circumstances,  either  with  sulphuretted 
hydrogen  gas,  or  with  sulphuretted  hydrogen  water.  Put  in  the  stopper, 
let  the  flask  stand  an  hour,  and  then  transmit  washed  carbonic  acid 
through  the  mixture,  until  the  odor  of  sulphuretted  hydrogen  has  pretty 
nearly  gone  off.  Let  the  mixture  again  stand  some  time,  Alter  on  a 
weighed  Alter,  wash  the  precipitate,  dry  at  212°,  and  weigh.  For  the 
properties  of  the  precipitate,  see  § 71.  The  results  are  accurate. 

If  the  solution  happens  to  contain  a substance  acting  as  a decomposing 
agent,  upon  sulphuretted  hydrogen,  such  as  sesquioxide  of  iron,  chromic 
acid,  &c.,  the  free  sulphur  which  precipitates  with  the  tersulphide  of 
arsenic,  is  estimated  in  the  way  recommended  in  § 100  (estimation  of 
antimony  as  tersulphide),  viz.,  as  sulphur  and  sulphate  of  baryta,  and  the 
quantity  found  is  deducted  from  the  total  weight  of  the  precipitate  ; or 
the  tersulphide  of  arsenic  is  filtered  off  on  an  unweighed  Alter,  washed,  put, 
together  with  the  Alter,  into  a large  flask,  and  treated  at  a moderate  lieat 
with  chlorate  of  potassa  and  nitric  acid,  until  the  whole  of  the  arsenic  is 
dissolved.  The  solution  is  then  diluted,  flltered,  the  undissolved  part  on 
the  Alter  washed,  and  the  arsenic  acid  in  the  flltrate  is  estimated  (as 
arseniate  of  magnesia  and  ammonia,  see  2).  Another  method  which  has 
been  recommended,  viz.,  to  treat  the  mixed  precipitate  with  ammonia, 
which  is  said  to  dissolve  the  tersulphide  of  arsenic,  leaving  the  sulphur 
undissolved,  gives  only  approximate  results,  as  some  of  the  sulphur  dis- 
solves  in  the  ammoniacal  solution  of  the  tersulphide  of  arsenic. 

b.  Arsenic  acid  or  an  arseniate  in  solution , or  a mixture  of  the  two 
oxides  of  arsenic. 

Mix  the  solution  in  a flask  with  a strong  aqueous  solution  of  sulphurous 
acid  in  excess,  place  the  flask  in  a slanting  position,  and  heat  slowly  to 
near  ebullition ; keep  the  mixture  now  at  a temperature  below  the  boiling 
point,  until  the  fluid  smells  no  longer  of  sulphurous  acid,  and  treat  the 
solution,  which  now  contains  only  arsenious  acid,  as  in  a. 

5.  Estimation  by  analysis  by  measure. 

a.  Bimsen’ s method  (Annal.  d.  Chem.  u.  Pharm.  86,  290). 
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This  ingenious  method  is  based  upon  the  following  facts  : — 

a.  a.  If  bichromate  of  potassa  is  boiled  with  concentrated  hydrochloric 
acid,  three  equivalents  of  chlorine  are  disengaged  to  every  two  equivalents 
of  chromic  acid  (2  Cr03  +6  HCl=Cr2Cl3  +3  CI -(-6  HO). 

b.  b.  But  if  arsenious  acid  is  present  (not  in  excess)  there  is  not  the 
quantity  of  chlorine  disengaged  corresponding  to  the  chromic  acid,  but 
so  much  less  of  that  element,  as  is  required  to  convert  the  arsenious  into 
arsenic  acid  (As03+2  0 + 2 H0=As05+2  HCl).  Consequently  for 
every  two  equivalents  of  chlorine  obtained  less  in  proportion  to  the  chro- 
mic acid,  is  to  be  reckoned  one  equi valent  of  arsenious  acid. 

c.  c.  The  quantity  of  the  chlorine  is  estimated  by  determining  the 
quantity  of  iodine  liberated  by  it  from  iodide  of  potassium. 

These  are  the  principles  of  Bimsen  s method.  For  the  manner  of  exe- 
cution,  I refer  to  § 104,  1.  d.  ß. 

b.  P.  Kotschoubey  has  applied  to  chromic  acid  Räivs/cy’s  method  * of 
estimating  pliosphoric  acid  by  analysis  by  measure  (§  106,  I,  f).  The 
compound  precipitated  from  the  solution  of  the  compound  of  arsenic  acid 
in  acetic  acid  (or  in  hydrochloric  acid,  after  addition  of  ammonia  to  alka- 
line  reaction,  and  then  again  of  acetic  acid  to  acid  reaction),  by  acetate  of 
sesquioxide  of  iron,  or  by  a mixture  of  ammonia,  iron,  alum,  and  acetate  of 
soda,  has,  according  to  Kotschoubey,  the  formula  Fe203,  AsOs+5  HO. 
For  every  two  equivalents  of  iron  (700)  tlierefore  is  to  be  reckoned  one 
equivalent  of  arsenic  acid  (1437*5)  ; Kotschoubey  effects  the  reduc- 
tion  with  zinc,  by  which  the  arsenic  is  partly  precipitated,  and  partly 
volatilised  in  the  form  of  arsenietted  hydrogen.  This  method  is,  in  my 
opinion,  open  to  the  same  objections  as  Räwsky’s  method  of  determining 
phosphoric  acid. 

II.  QUANTITATIVE  DETERMINATION  OF  THE  ACIDS  IN  COMPOUNDS 

CONTAINING  ONLT  ONE  ACID  FREE  OR  COMBINED ; — AND  SEPARA- 
TION OF  THE  ACIDS  FROM  THE  BASES. 

FIRST  GROUP. 

ARSENIOUS  ACID ARSENIC  ACID — CHROMIC  ACID — SULPHURIC  ACID 

PHOSPHORIC  ACID BORACIC  ACID OXALIC  ACID HYDROFLU- 

ORIC  ACID — CARBONIC  ACID—  SILICIC  ACID. 

§ 103. 

1.  ARSENIOUS  AND  ARSENIC  ACIDS. 

For  the  quantitative  determination  of  these  two  acids,  I refer  to  the 
preceding  paragraph ; — the  methods  of  separating  them  from  the  bases 
will  be  found  in  Section  V. 


* Journ.  f.  prakt.  Chem.  49,  185. 
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2.  CHROMIC  ACID. 

I.  DETERMINATION. 

Chromic  acid  is  determined  either  in  the  form  of  sesquioxide  of  chro- 
mium,  or  in  that  of  chromate  of  lead.  But  it  may  be  estimated  also 
from  the  quantity  of  carbonic  acid  disengaged  by  its  action  upon  oxalic 
acid  in  excess,  and  also  by  analysis  by  measure. 

a.  Determination  as  sesquioxide  of  chromium. 

a.  The  chromic  acid  is  reduced  to  the  state  of  sesquioxide,  and  the 
amount  of  the  latter  determined  (§  84) . The  reduction  is  effected  either  by 
heating  the  solution  with  hydrochloric  acid  and  alcohol,  or  by  mixing  liydio- 
chloric  acid  with  the  solution,  and  conducting  sulphuretted  hydrogen  into 
the  mixture  ; or  by  adding  a strong  solution  of  sulphurous  acid,  and  apply- 
ing  a gentle  heat.  With  concentrated  Solutions,  the  first  method  is  generally 
resorted  to,  with  dilute  Solutions,  one  of  the  two  latter.  With  respect  to 
the  first  method,  I have  to  remark  that  the  alcohol  must  be  expelled  again 
before  the  sesquioxide  of  chromium  can  be  precipitated  with  ammonia ; and 
with  respect  to  the  second,  that  the  solution  supersaturated  with  sulphu- 
retted hydrogen  must  be  allowed  to  stand  in  a moderately  warm  place, 
until  the  separated  sulphur  has  completely  subsided. 

ß.  The  neutral  or  slightly  acid  (by  nitric  acid)  solution,  is  precipitated 
with  nitrate  of  suboxide  of  mercury,  the  red  precipitate  of  chromate  of 
suboxide  of  mercury  is  filtered  off,  waslied  with  a dilute  solution  of  nitrate 
of  suboxide  of  mercury,  dried  and  ignited,  and  the  residuary  sesquioxide 
of  chromium  weiglied  (II.  Rose). 

b.  Determination  as  chromate  of  oxide  of  lead. 

The  solution  is  mixed  with  acetate  of  soda  in  excess,  and  if  necessary, 
acetic  acid  is  added  until  the  reaction  is  slightly  acid  ; the  solution  is  then 
precipitated  with  neutral  acetate  of  oxide  of  lead.  The  washed  precipitate 
is  either  collected  on  a weighed  filter,  dried  in  the  water-bath,  and  weighed ; 
or  it  is  gently  ignited  as  directed,  § 36,  and  then  weighed.  For  the 
properties  of  the  precipitate,  see  § 72.  The  results  are  accurate. 

c.  Determination  bxj  means  of  oxalic  acid  (VohUs  method). 

When  chromic  acid  and  oxalic  acid  are  brought  together,  the  former  yields 
oxygen  to  the  latter : sesquioxide  of  chromium  is  formed,  and  carbonic 
acid  escapes  (2  Cr03  +3  C203  = Cr203  + 6 C02).  Three  equivalents 
of  carbonic  acid  (825)  correspond  accordingly  to  one  equivalent  of  chromic 
acid  (634*7).  The  modus  operandi  is  the  same  as  that  which  will  be 
given  hereafter  in  the  chapter  on  the  examination  of  manganese  ores. 
Every  one  part  of  chromic  acid  requires  two  and  a quarter  parts  of  oxalate 
of  soda.  If  it  is  intended  to  determine  in  the  residue  the  alkali  which 
has  been  combined  with  the  chromic  acid,  oxalate  of  ammonia  is  used. 
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d.  Determination  by  analysis  by  measure. 
a.  Schwärs’ s method. 

The  principle  of  this  method  is  identical  with  that  upon  which  Penny’ s 
method  of  determining  iron  is  based.  The  execution  is  simple:  acidulate 
the  solution  of  the  chromic  acid  compound  with  sulphuric  acid,  add  an 
excess  of  solution  of  protoxide  of  iron,  of  which  you  have  previously  ascer- 
tained  the  strength  according  to  the  directions  of  § 89,  2,  a.  or  b.,  and 
then  determine  in  the  manner  directed  § 89,  2,  a.  or  b.,  the  quantity  of 
protoxide  of  iron  remaining.  The  difference  shows  the  amount  of  iron 
that  lias  been  converted  by  the  chromic  acid  from  the  state  of  protoxide 
to  that  of  sesquioxide.  One  gramme  of  iron  corresponds  to  0'6045  of 
chromic  acid  (compare  also  § 92,  3). 

ß.  Bunsen’ s method  (Ann.  der  Chem.  u.  Pharm.  86,  279). 

If  a chromate  is  boiled  with  an  excess  of  fuming  hydrochloric  acid, 
there  are  disengaged  for  every  two  equivalents  of  chromic  acid  three  equi- 
valents of  chlorine;  for  instance,  KO,  2 Cr03+7  HC1=KC1  + Cr2Cl3  -f- 
7 HO + 3 CI.  If  the  escaping  gas  is  conducted  into  solution  of  iodide  of 
potassium  in  excess,  the  three  equivalents  of  chlorine  set  free  three  equi- 
valents of  iodine.  By  determining  the  quantity  of  the  latter  element  in 
the  manner  which  will  be  found  described  in  § 1 14,  we  find  the  quantity  of 
the  chromic  acid;  4758  of  iodine  corresponding  to  1269'4  of  chromic  acid. 

The  analytical  process  is  conducted  as  follows  : — put  the  weighed  sample 
of  the  chromate  into  the  little  llask  a (Fig.  44),  (blown  before  the  lamp, 

and  holding  only  from  36  to  40 
cubic  centimeters,)  fall  the  flask 
to  two-thirds  with  fuming  hy- 
drochloric acid,  and  connect  the 
evolutiou  tube  with  the  neck  of 
the  flask  by  means  of  a stout 
tight-closing  india-rubber  tube 
b.  A loss  of  chlorine  need  not 
be  apprehended  in  this  Ope- 
ration, as  the  disengagement  of 
that  gas  begins  only  upon  the 
application  of  heat.  Put  the 
little  glass  bulb  c,  which  is  in- 
Fig.  44.  tended  to  serve  as  vent,  with 

its  end  closed  by  fusion  into  the  mouth  of  the  evolution  tube,  and  insert 
the  latter  into  the  neck  of  the  retort  d d d,  which  is  filled  with  solution  of 
iodide  of  potassium.*  This  retort  liolds  about  160  c.  c.  The  neck  pre- 

* One  part  of  pure  iodide  of  potassium,  free  from  iodic  acid,  dissolved  in  ten  parts  of 
water.  The  fluid  must  show  no  brown  tinge  immediately  after  addition  of  hydrochloric 
acid. 
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sents  a small  expansion,  and  intended  to  receive  tlie  liquid  wliich  is 
forced  up  during  the  Operation.  Apply  heat  to  the  flask  containing  the 
chromate.  After  two  or  tkree  minutes’  ebullition,  the  whole  of  the  chlo- 
rine has  passed  over,  and  is  replaced  by  its  equivalent  of  free  iodine  in 
the  iodide  of  potassium  solution.  Transfer  the  contents  of  the  retort  to 
a heaker  glass,  and  proceed  as  directed  § 114,  I.,  3.  Bunsen  has  shown 
that  this  method  gives  very  satisfactory  results. 

II.  SEPARATION  OF  CHROMIC  ACID  FROM  THE  BASES. 

tt.  OF  THE  FIRST  GROUP. 

a.  Reduce  the  chromic  acid  as  directed  in  I.,  and  separate  the  sesqui- 
oxide  of  chromium  from  the  alkalies  as  directed  in  § 123. 

ß.  Chromate  of  ammonia  is  reduced  to  sesquioxide  of  chromium  by 
cautious  ignition. 

b.  OF  THE  SECOND  GROUP. 

a.  Fuse  the  compound  under  examination  with  four  parts  of  carbonate 
of  soda  and  potassa,  and  treat  the  fused  mass  with  hot  water,  wliich  dis- 
solves  the  chromic  acid  in  the  form  of  an  alkaline  chromate.  The  residue 
contains  the  alkaline  earths  in  the  form  of  carbonates  ; but  as  it  contains 
also  an  admixture  of  alkali ; it  cannot  be  weighed  directly.  The  chromic 
acid  in  the  solution  is  determined  as  in  I. 

ß.  Dissolve  in  hydrochloric  acid,  reduce  the  chromic  acid  according  to 
the  directions  of  I.,  a,  and  separate  the  sesquioxide  of  chromium  and  the 
alkaline  earth  according  to  § 124. 

c.  OF  THE  THIRD  GROUP. 

a.  From  alumina. 

Precipitate  the  alumina  by  ammonia  or  carbonate  of  ammonia  (§  83), 
and  determine  the  chromic  acid  in  the  filtrate  according  to  the  directions 
giving  in  I.  (Compare  also  § 125.) 

ß.  From  sesquioxide  of  chromium. 

a a.  In  solution. 

Precipitate  the  chromic  acid  according  to  I.,  a,  ß,  or  I.,  b,  and  separate 
the  sesquioxide  of  chromium  and  suboxide  of  mercury,  or  oxide  of  lead,  as 
the  case  may  be,  as  directed  in  § 130. 

b b.  The  compound  under  examination  is  insoluble  (neutral  chromate  of 
sesquioxide  of  chromium). 

Ignite.  The  residue  is  sesquioxide,  the  loss  oxygen,  from  wliich  is  cal- 
culated  the  amount  of  chromic  acid  originally  present. 

c c.  VohVs  method. 

Estimate  first  the  amount  of  carbonic  acid  wliich  the  compound  under 
examination  liberates  from  oxalic  acid ; then  treat  the  fluid,  or,  better 
still,  another  weighed  sample  of  the  compound,  like  a salt  of  sesquioxide 
(§  84).  The  latter  Operation  gives  the  total  amount  of  chromium  origi- 
nally present  in  the  examined  compound,  the  former  the  amount  wliich 


SULPHURIC  ACID. 


222 


[§  105. 


existed  in  the  form  of  chromic  acid ; the  difference  between  the  two  shows 
the  quantity  which  existed  originally  in  the  form  of  sesquioxide. 

In  a siinilar  manner,  the  sesquioxide  and  the  acid  may  also  be  estimated 
side  by  side, 

d d.  By  analysis  by  measure. 

d.  OF  THE  FOURTH  GROUP. 

a.  Proceed  as  directed  in  b,  a.  Upon  treating  the  fused  mass  with 
hot  water,  the  metals  are  left  as  oxides.  In  the  case  of  manganese  the 
fusion  must  be  effected  in  a bulb-tube  in  a stream  of  carbonic  acid  gas. 

ß.  Eeduce  the  chromic  acid  as  directed  in  I.,  a,  and  separate  the  sesqui- 
oxide of  chromium  from  the  metals  of  the  fourth  group,  as  directed  in 
§ 128. 

e.  OF  THE  FIFTH  AND  SIXTH  GROUPS. 

a.  Mix  the  solution  with  free  acid,  and  precipitate  with  sulphuretted 
hydrogen.  The  metals  of  the  fifth  and  sixth  groups  precipitated  in  con- 
junction  with  free  sulphur  (§§91  to  102),  the  chromic  acid  is  reduced. 
Filter,  and  determine  the  sesquioxide  of  chromium  in  the  filtrate,  as  directed 
in  I.,  a. 

ß.  Chromate  of  lead  is  decomposed  by  heatrng  with  hydrochloric 
acid  and  some  alcohol ; the  chloride  of  lead  and  protochloride  of  chro- 
mium formed,  are  subsequently  separated  by  means  of  alcohol  (compare 
§ 130).  The  alcoholic  solution  ought  always  to  be  tested  with  sulphuric 
acid ; should  a precipitate  of  sulphate  of  lead  form,  this  must  be  filtered 
off,  weighed,  and  taken  into  account. 


§ 105. 

3.  SULPHURIC  ACID. 

I.  DETERMINATION. 

The  best  way  of  determining  sulphuric  acid  is  to  convert  it  into  sul- 
phate of  baryta.  With  respect  to  a new  method  of  analysis  by  measure, 
recommended  by  Schioarz,  I refer  to  the  original  paper  in  the  Annalen 
der  Chemie  und  Pharm.  84,  99.  The  method  is  too  complicated  to  be  of 
practical  utility  ; it  requires  three  test  fluids,  and  makes  two  filtrations 
with  washing  necessary. 

1 . Add  to  the  solution,  if  necessary,  some  hydrochloric  acid,  to  acid  re- 
action,  heat  to  near  ebullition,  add  chloride  of  barium  in  slight  excess,  and 
proceed  as  directed  § 79,  1,  a.  The  washing  is  always  best  effected  by 
decantation  first.  Should  the  analysed  solution  contain  nitric  acid,  some 
nitrate  of  baryta  is  likely  to  precipitate  in  conjunction  with  the  sulphate  ; 
the  removal  of  this  admixture  of  nitrate  of  bartya  from  the  precipitate,  re- 
quires long  protracted  washing  with  hot  water.  It  is,  under  all  circum- 
stances,  necessary  to  continue  the  washing  of  the  precipitate  until  the  last 
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rinsings  remain  perfectly  clear  upon  testing  with  sulphuric  acid.  In  cases 
where  perfect  accuracy  is  desirable,  I would  recommend  the  following 
proceeding ; after  igniting  and  weigbing  tbe  precipitate  according  to  the 
directions  of  § 36,  moisten  it  with  a very  few  drops  of  hydrochloric  acid, 
add  hot  water,  stir  with  a very  thin  glass  rod  or  with  a platinum  wire, 
rinse  the  rod  or  wire,  and  heat  gently  for  some  time.  Pour  the  almost 
clear  fluid  through  a small  Alter,  and  test  the  filtrate  with  sulphuric  acid. 
If  this  produces  turbidity  or  a precipitate,  which  is  a sign  that  the  sulphate 
contains  an  admixture  of  another  baryta  salt,  wash  the  residue  again  with 
hot  water,  until  the  rinsings  are  no  longer  rendered  turbid  by  sulphuric 
acid.  Dry  now  the  precipitate  in  the  crucible,  together  with  the  small 
Alter,  burn  the  latter  on  the  lid,  heat  the  crucible  and  its  contents  to  red- 
ness,  and  weigh. 

2.  It  is  often  desirable,  for  commercial  purposes,  to  determine  the  sul- 
phuric acid  in  an  expeditious  way  by  analysis  by  measure.  The  principle 
upon  which  an  analysis  of  the  kind  may  be  based  readily  suggests  itself ; 
it  consists  simply  in  the  addition  of  a solution  of  chloride  of  barium  of 
known  strength,  as  long  as  a precipitate  is  formed ; the  quantity  used  of 
the  solution  of  chloride  of  barium  indicates  the  amount  of  sulphuric  acid 
present  in  the  analysed  solution.  But  the  execution  of  the  process  pre- 
sents  some  difliculty,  as  it  is  not  easy  to  hit  quickly  the  exact  point  at 
which  the  precipitation  of  the  whole  of  the  sulphuric  acid  is  effected. 
The  following  method  may  be  recomended  as  better  adapted  to  the  pur- 
pose : — 

a.  Dissolve  26-012  grammes  of  pure  ignited  chloride  of  barium  in  the 
requisite  quantity  of  water  to  obtain  exactly  500  c.  c.  solution.  50  c.  c.= 
100°  of  this  solution  precipitate  exactly  one  gramme  of  sulphuric  acid, 
and  1°  accordingly,  exactly  0‘01  grm. 

b.  Mix  one  volume  of  the  solution  a with  nine  volumes  of  water  ; 1°  of 
this  dilute  solution  will  precipitate  exactly  0-001  grm.  of  sulphuric  acid. 

Put  45  c.  c.  of  the  solution  of  the  sulphate  under  examination,  which 
should  approximately  contain  in  50  c.  c.  one  gramme  of  sulphuric  acid, 
into  a glass  flask,  mix  with  some  hydrochloric  acid,  heat  to  boiling,  and 
add  continuously  of  the  concentrated  chloride  of  barium  solution  («),  as 
long  as  a precipitate  continues  to  form.  The  precipitate  so  formed 
speedily  acquires  density,  and  subsides  readily.  Stop  the  addition  of 
the  chloride  of  barium  solution  occasionally,  to  give  the  precitate  time 
to  subside.  When  further  addition  of  the  chloride  of  barium  solution 
is  no  longer  followed  by  the  formation  of  a precipitate,  add  5 c.  c.  more 
of  the  solution  of  the  sulphate  under  examination,  let  the  mixture  boil 
some  time,  and  then  add,  with  the  greatest  caution,  of  the  dilute  test 
fluid  ( b ),  until  further  addition  fails  to  produce  renewed  turbidity.  Sup- 
posing  you  to  have  used  in  this  way  43  c.  c.  = 86°  of  the  concentrated,  and 
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11c.  c.  = 22°  of  the  dilute  test  fluid,  the  analysed  solution  would  contain 
0,86  + 0,022  = 0,882  grm.  of  sulphuric  acid.  In  cases  wliere  we  have  to 
deal  with  fluids  free  from  chlorine,  solution  of  acetate  of  lead  may  be  ad- 
vantageously  substituted  for  solution  of  chloride  of  barium,  as  sulphate  of 
lead  subsides  more  readily  than  sulphate  of  baryta. 

II.  SEPARATION  OF  SULPHURIC  ACID  FROM  THE  BASES. 

a.  FROM  THOSE  BASES  WITH  WHICH  THE  ACID  FORMS  COMPOUNDS 
SOLUBLE  IN  WATER  OR  IN  HYDROCHLORIC  ACID. 

Precipitate  the  sulphuric  acid  as  in  I.  The  filtrate  contains  besides  the 
bases  originally  combined  with  the  sulphuric  acid  also  the  excess  of  the 
chloride  of  barium  used.  The  bases  in  the  filtrate  are  determined  by  the 
methods  given  in  the  Fifth  Section  to  effect  the  Separation  of  these  bases 
from  baryta. 

b.  From  those  bases  with  which  the  acid  forms  compounds 

INSOLUBLE  OR  DIFFICULTLY  SOLUBLE  IN  WATER  OR  IN  HYDROCHLO- 
RIC ACID. 

a.  From  baryta , strontia,  and  lime. 

Fuse  the  compound  under  examination,  first  finely  pulverised,  in  a plati- 
num  crucible,  together  with  four  parts  of  carbonate  of  soda  and  potassa. 
Put  the  crucible,  with  its  contents,  into  a beaker  glass,  or  into  a platinum 
or  porcelain  basin,  pour  water  over  it,  and  apply  heat  until  the  alkaline 
sulphates  and  carbonates  are  completely  dissolved  ; filter  the  solution  still 
hot  off  from  the  residuary  carbonates  of  the  earths,  and  wash  the  latter 
thoroughly  with  hot  water.  Dissolve  them  now  in  hydrochloric  acid,  and 
determine  them  respectively  by  the  methods  given  in  §§  79,  80,  and  81. 
Precipitate  the  sulphuric  acid  from  the  filtrate,  as  in  I.  Finely  pulverised 
sulphate  of  lime  may  be  completely  decomposed  also  by  boiling  with  a 
solution  of  carbonate  of  soda  or  potassa. 

ß.  From  oxide  of  lead. 

Ignite  with  carbonate  of  soda  and  potassa  in  a porcelain  crucible,  until 
the  mass  has  completely  agglutinated  ; digest  with  hot  water  until  the 
alkaline  sulphate  formed  and  the  excess  of  the  alkaline  carbonate  used  are 
dissolved  ; filter  off  the  residuary  oxide  of  lead,  which  always  contains 
alkali,  and  wash  it  thoroughly.  Acidulate  the  filtrate,  which  invariably 
contains  a greater  or  less  quantity  of  lead,  according  to  the  greater  or  less 
amount  of  water  used  in  the  process,  slightly  with  nitric  acid,  taking  care 
to  do  this  cautiously,  that  no  loss  of  substance  may  be  incurred  by  spirt- 
ing,  and  precipitate  the  sulphuric  acid  as  in  I.,  with  nitrate  of  baryta  ; 
dissolve  the  washed  oxide  of  lead  in  dilute  nitric  acid,  add  the  solution, 
with  the  fluid  filtered  off  from  the  sulphate  of  baryta,  and  precipitate  the 
lead  with  sulpliuretted  hydrogen  (§  92). 
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4.  PHOSPHORIC  ACID. 

I.  DETERMINATION. 

Tribasic  phosphoric  acid  may  be  determined  in  a great  variety  of  ways, 
but  most  appropriately  as  phosphate  of  lead,  pyrophosphate  of  magnesia, 
basic  phosphate  of  sesquioxide  of  iron,  phosphate  of  binoxide  of  tin,  phos- 
phate  or  pyrophosphate  of  silver.  The  determination  as  pyrophosphate 
of  magnesia  is  frequently  preceded  by  precipitation  as  phosphate  of  ses- 
quioxide of  iron,  phosphate  of  suboxide  of  mercury,  or  phospho-molybdate 
of  ammonia.  Methods  of  analysis  by  measure  have  also  been  recommended. 

With  regard  to  metaphosphoric  acid  and  pyrophosphoric  acid,  I have 
simply  to  remark  here  that  these  acids  cannot  be  determined  by  any 
of  the  methods  given  below.  The  best  way  to  elfect  their  quantitative 
analysis  is  to  convert  them  into  tribasic  phosphoric  acid ; as  follows : — 

a.  In  the  dry  way.  By  protracted  fusion  with  from  four  to  six  parts  of 
carbonate  of  soda  and  potassa.  This  method  is,  however,  applicable  only 
in  the  case  of  metaphosphates  and  pyrophosphates  of  the  alkalies,  and  of 
those  metaphosphates  or  pyrophosphates  of  metallic  oxides  which  are 
completely  decomposed  by  fluxing  with  alkaline  carbonates ; it  fails  with 
compounds  of  metaphosphoric  or  pyrophosphoric  acid  with  the  alkaline 
earths,  except  magnesia. 

ß.  In  the  humid  way.  The  salt  is  heated  for  some  time  with  a 
strong  acid,  best  with  concentrated  sulphuric  acid  ( Weber,  Pogg.  Anna- 
len, 73,  137).  This  method  leads  only  to  the  attainment  of  approxi- 
mate  results,  in  the  case  of  all  salts  whose  bases  form  soluble  com- 
pounds with  the  acid  added,  since  in  these  cases  the  metaphosphoric, 
or  pyrophosphoric  acid  is  never  completely  liberated ; but  the  desired  re- 
sult  may  be  fully  attained  by  the  use  of  any  acid  which  forms  insoluble 
compounds  with  the  bases  of  the  meta  or  pyrophosphates  under  examina- 
tion.  Respecting  the  partial  conversion  in  the  former  case,  I have  found 
that  it  approaches  the  nearer  to  completeness  the  greater  the  quantity  of 
free  acid  added,*  and  that  the  ebullition  must  be  long  continued  (Com- 
pare  experiment  No.  35). 

Bunce’  s Statement  that  phosphoric  acid  volatilises  when  a phosphate  is 
evaporated  to  dryness  with  hydrochloric  or  nitric  acid,  and  the  residue 
heated  a little  (Sil lim.  Journ.  May,  1851,  p.  405),  is  quite  erroneous 
(compare  my  paper  on  the  subject,  in  Annal.  der  Chem.  und  Pharm.,  86, 
216).  But,  on  the  other  hand,  it  must  be  borne  in  mind  that  tribasic 
phosphoric  acid  under  these  circumstances  changes,  not  indeed  at  212°, 
but  at  a temperature  below  302°,  to  pyrophosphoric  acid  ; thus,  for  in- 
* There  are,  however,  certain  considerations  also  which  forhid  to  go  too  far  in  this  respect. 
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stance,  upon  evaporating  common  phosphate  of  soda  witli  hydrochloric 
acid  in  excess,  and  drying  the  residue  at  302°,  we  obtain  Na  Cl-f  NaO, 
HO,  P05. 

a.  Determination  as  phosphate  of  lead. 

Proceed  as  with  arsenic  acid,  § 102,  1,  a,  (evaporate  with  a weighed 
quantity  of  oxide  of  lead,  and  ignite).  This  metbod  presupposes  that 
no  other  acid  is  present  in  the  aqueous,  or  nitric  acid  solution  ; it  has 
this  great  advantage  that  it  gives  accurate  results,  no  matter  whetlier  the 
phosphoric  acid  present  is  mono,  bi,  or  tribasic. 

b.  Determination  as  pyrophosphate  of  magnesia. 

a.  Direct  determination. 

Add  to  the  solution  a clear  mixture  of  sulphate  of  magnesia,  ammonia, 
and  chloride  of  ammonium,  as  long  as  a precipitate  continues  to  form  ; 
should  the  solution  not  yet  evolve  a strong  ammoniacal  odor,  add  some 
more  ammonia  ; let  the  mixture  stand  twelve  hours,  without  applying  heat, 
filter,  wash  the  precipitate  with  a mixture  of  three  parts  of  water  and  one 
part  of  solution  of  ammonia,  until  the  rinsings,  after  the  addition  of  hydro- 
chloric acid,  are  no  longer  rendered  turbid  in  the  least  by  chloride  of 
barium,  and  proceed  afterwards  exactly  as  directed  in  § 82,  2.  In  the 
preparation  of  the  mixture  of  sulphate  of  magnesia,  ammonia,  and  chloride 
of  ammonium,  no  more  of  the  latter  substanee  must  be  added  than  is  just 
required  to  prevent  the  precipitation  of  the  magnesia  by  the  ammonia. 
The  results  are  very  accurate  (Experiment  No.  70).  The  loss  smstained 
from  the  slight  solubility  of  the  basic  phosphate  of  magnesia  and  ammo- 
nia, is  very  trifling  (Experiment  No.  31).  For  the  properties  of  the  pre- 
cipitate and  residue,  see  § 53.  This  method  can  be  applied  only  in  cases 
where  it  is  quite  certain  that  the  whole  of  the  phosphoric  acid  is  present 
in  the  tribasic  state.  If  the  solution  contains  pyrophosphoric  acid,  the  pre- 
cipitate is  flocculent,  and  dissolves  in  weak  solution  of  ammonia  (Weber). 

ß.  Indirect  determination , after  previous  precipitation  as  phospho- 
molybdate  of  ammonia  (Sonnenschein,  Journal  für  prakt.  Chem.  53,  343). 

Dissolve  one  part  of  molybdic  acid  in  eight  parts  of  solution  of  ammo- 
nia, mix  this  with  twenty  parts  of  nitric  acid,  and  add  of  the  mixture 
to  the  nitric  acid  solution  of  the  phosphate  sufficient  to  make  the  quantity 
of  molybdic  acid  contained  in  the  amount  added  thirty  times  that  of  the 
phosphoric  acid  contained  in  the  phosphate.  The  large  proportion  of 
molybdic  acid  required  sufficiently  indicates  the  necessity  of  preparing  a 
rather  considerable  quantity  of  solution.  Digest  the  fluid  with  the  yellow 
precipitate  formed  in  it,  several  hours  at  a gentle  heat,  and  wash  the  pre- 
cipitate with  the  same  solution  of  molybdic  acid  with  which  the  precipita- 
tion has  been  effected.  Let  the  filtrate  stand  some  time  in  a warm  place 
to  see  whether  a further  precipitate  will  form,  and  if  so,  add  this  preci- 
pitate to  the  first.  (To  make  sure  that  the  molybdic  acid  has  been  used  in 
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excess,  take  a drop  of  the  fluid,  previously  to  filtration,  and  mix  it  with 
sulpliuretted  hydrogen  water  which  must  produce  a brown  precipitate  of 
I sulphide  of  molybdenum).  Dissolve  the  precipitate  on  the  Alter  in  am- 
monia,  and  precipitate  the  phosphoric  acid  by  solution  of  magnesia 
(compare  a).  The  results  are  accurate  (compare  also  Craw,  Pharm. 
Central blatt,  23,  669). 

y.  Indirect  determination,  after  previous  precipitation  as  phosphate  of 
suboxide  of  mercury  (H.  Rose,  Pogg.  Ann.,  76,  218). 

Dissolve  the  phosphate  in  neither  too  great  nor  too  small  a quantity  of 
nitric  acid,  in  a porcelain  basin  of  proper  size,  add  to  the  solution  pure 
metallic  mercury  in  sufficient  quantity  to  leave  a portion  of  it,  even  though 
only  a small  one,  undissolved  by  the  free  acid.  Evaporate  on  a watcr- 
bath  to  dryness.  If  the  mass  at  a high  temperature  still  evolves  an  odor 
of  nitric  acid,  moisten  it  with  water,  and  heat  again  on  the  water-bath, 
until  it  smells  no  longer  of  acid.  Add  now  hot  water,  pass  through  a 
small  Alter,  and  wash  until  the  rinsings  leave  no  longer  a fixed  residue 
upon  platinum.  Dry  the  Alter  which,  besides  the  phosphate,  contains  also 
basic  nitrate  of  suboxide  of  mercury  and  free  mercury,  mix  its  contents  in 
a platinum  crucible  with  carbonate  of  soda  and  potassa  in  excess,  roll  the 
Alter  into  the  shape  of  a ball,  place  it  into  a hollow  made  into  the  mixture, 
and  cover  the  whole  with  a layer  of  carbonate  of  soda  and  potassa.  Ex- 
pose the  crucible  under  a chimney  with  good  draught  for  about  half  an 
liour  to  a moderate  heat,  so  that  it  does  not  get  red  hot.  At  this  tempe- 
rature the  nitrate  of  suboxide  of  mercury  and  the  metallic  mercury  vola- 
tilise.  Heat  now  over  the  lamp  to  the  most  intense  ignition,  and  treat  the 
residue  with  hot  water,  which  will  dissolve  it  completely,  if  no  sesquioxide 
of  iron  was  present.  Supersaturate  the  clear  (if  necessary,  Altered)  solu- 
tion with  hydrochloric  acid,  add  ammonia  and  solution  of  magnesia,  and 
proceed  as  in  a. 

c.  Determination  as  basic  phosphate  of  sesquioxide  of  iron. 

a.  Proceed  exactly  as  in  the  determination  of  arsenic  acid  as  arseniate  of 
sesquioxide  of  iron,  by  Berthier's  method  (§  102,  3,  a).  Avoid  using  a 
great  excess  of  ammonia,  as  this  would  be  liable  to  withdraw  some  phos- 
phoric acid  from  the  precipitate.  The  results  are  rather  too  low  than  too 
high  (H.  Rose). 

ß.  Proceed  exactly  as  in  the  determination  of  arsenic  acid  as  arseniate 
of  sesquioxide  of  iron,  by  KobelV s modiAcation  of  Berthier’s  method 
(§  102,  3,  b).  The  results  are  accurate. 

y.  Mix  the  acid  solution  containing  the  phosphoric  acid,  with  an  excess 
of  solution  of  sesquichloride  of  iron  of  known  strength,  add,  if  necessary, 
sufficient  alkali  to  neutralise  the  greater  portion  of  the  free  acid,  mix 
with  acetate  of  soda  in  excess,  and  boil.  If  the  quantity  of  solution  of 
sesquichloride  of  iron  added  was  sufficient,  the  precipitate  must  be 
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brownish-red.  This  precipitate  consists  of  basic  phospbate  and  basic 
acetate  of  sesquioxide  of  iron,  and  contains  the  whole  of  the  phosphoric 
acid  and  of  the  sesquioxide  of  iron.  Filter  off  boiling,  wash  with  boiling 
water,  dry  carefully,  and  ignite  in  a platinuni  crucible  with  access  of  air. 
Burn  the  filter  on  the  lid.  Moisten  the  residue  after  its  ignition  with 
strong  nitric  acid,  evaporate  this  at  a gentle  heat,  and  ignite  again. 
Should  this  Operation  have  increased  the  weight,  which  is  not  the  case 
usually,  it  must  be  repeated,  until  the  weight  remains  constant.  Dcduct 
from  the  weight  of  the  residue  that  of  the  sesquioxide  of  iron  contained 
in  the  solution  added  ; the  difference  is  the  phosphoric  acid. 

This  modification  of  Schulzens  method  was  first  recommended  bv  A. 

•/ 

Müller  (Journ.  f.  prakt.  Chem.  47,  341);  it  has  been  adopted  also  by 
Way  and  Ogston  in  their  analyses  of  ashes  (Journal  of  the  Royal  Agricul- 
tural Society,  VIII.  Part  I).  By  the  use  of  a solution  of  sesquichloride 
of  iron  of  known  strength,  the  estimation  of  the  sesquioxide  of  iron  in  the 
residue  (which  would  have  to  be  effected  in  the  manner  described  § 106, 
II.  h)  is  dispensed  with. 

d.  Determination  as  phosphate  of  binoxide  of  tin. 

a.  Reinoso’s  method  (Journal  f.  prakt.  Chem.  54,  261). 

Heat  a weiglied  amount  of  pure  tin*  with  the  phosphate  and  with  nitric 
acid  in  excess,  to  ebullition,  filter  when  the  whole  of  the  tin  has  been  con- 
verted  into  binoxide,  wash,  dry,  ignite  cautiously,  to  guard  against  the 
reduction  of  any  of  the  binoxide,  and  weigh  promptly,  as  the  residue  is 
hygroscopic.  What  the  residue  weighs  over  the  quantity  of  binoxide  cor- 
responding  to  the  amount  of  tin  used,  is  phosphoric  acid  (provided  always 
that  the  analysed  phosphate  dissolves  completely  in  nitric  acid).  This 
method  has  been  repeatedly  applied  with  success,  for  instance  by  Girard 
in  the  analysis  of  phosphate  of  uranium  ; by  Joy  in  the  examination  of 
the  tooth  of  the  narwhal,  &c. 

ß.  Bennetfs  modification  of  Reinoso’s  method,  in  wdiich  the  solution  of 
the  phosphate  is  mixed  with  an  excess  of  a solution  of  bicliloride  of  tin  of 
known  strength,  «and  then  with  a solution  of  phosphate  of  soda,  gave  un- 
satisfactory  results  in  experiments  made  in  my  laboratory. 

e.  Determination  as  phosphate  of  silver,  see  II.  a.  y. 

f Determination  by  analysis  by  measure  (R'äwsky.  Journal  f.  prakt. 
Chem.  41,  365). 

Add  to  the  acid  solution  (which,  with  the  exception  of  sesquioxide  of 
iron,  must  contain  no  b.ases  forming  with  phosphoric  acid  compounds 
insoluble  in  acetic  acid),  ammonia,  until  the  free  acid  is  nearly  neutralised. 


* It  is  hardly  necessary  to  remark  that  the  tin  must  be  used  in  excess.  Commercial  tin 
may  be  substituted  for  the  pure  article,  provided  the  quantity  of  binoxide  formed  from  it  be 
known. 
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tlien  acetate  of  sesquioxide  of  iron  * in  the  least  possible  excess.  The 
phosphate  of  sesquioxide  of  iron  is  deposited  in  the  form  of  a faintly  yel- 
lowish  white  precipitate.  Filter,  and  wasli  carefully  with  cold  water — an 
Operation  which  in  the  case  of  larger  quantities  of  substance  consumes 
much  time  ; dissolve  the  precipitate  in  hydrochloric  acid,  and  determine 
the  iron  in  the  solution  in  the  manner  directed  § 90,  3.  R'dwsky  proceeds 
upon  the  assumption  that  the  precipitate  has  the  composition  Fe2  03, 
P05,  and  calculates  for  every  700  of  iron  900  (rigorously  892,  the  equi- 
i valent  of  phosphorus  being  392)  of  phosphoric  acid. 

This  method  has  been  objected  to  by  several  chemists,  on  the  ground 
that  the  phosphate  of  sesquioxide  of  iron  is  slightly  soluble  in  solution  of 
acetate  of  sesquioxide  of  iron,  which  is  indeed  the  reason  why  the  latter 
solution  must  be  used  in  the  least  possible  excess ; and  also  tbat  the  con- 

Istant  composition  of  the  precipitate  is  doubtful  ( Liebiy  and  Kopp’s  Annual 
Report  II.  213,  1847-8;  Way  and  Oyston , ibid.  1849,  p.  397).  The  re- 
sults  of  experiments  made  in  my  own  laboratory  by  Mr.  D.  Schirmer , prove 
also  that  the  composition  of  the  precipitate  varies  with  the  greater  or  less 
excess  used  of  the  solution  of  acetate  of  sesquioxide  of  iron. 

II.  SEPARATION  OF  PHOSPHORIC  ACID  FROM  THE  BASES. 
a.  From  the  fixed  alle  alles. 

a.  The  method  I.  c,  in  one  of  its  modifications,  is  resorted  to,  or  method 
I.  d.  The  alkalies  are  found  in  the  filtrate  as  nitrates  or  Chlorides. 

ß.  The  method  I.  b.  a,  is  applied,  and  the  Separation  of  the  magnesia 
from  the  alkalies  in  the  filtrate  is  effected  in  the  manner  described  § 121. 

y.  Salts  composed  after  the  formula  3 MO,  P05,  are  dissolved  in  wrater 
and  the  solution  is  precipitated  with  neutral  solution  of  silver  ; the  yellow 
precipitate  formed  (3  AgO,  P05,)  is  washed,  dried,  and  ignited  in  the 
manner  described  § 36. 

Phosphates,  composed  after  the  formula  2 MO,  IIO,  POs,  are  ignited, 
the  residue  is  dissolved  in  water,  and  precipitated  with  neutral  solution  of 
silver.  The  fluid  is  filtered  off  from  the  precipitate  (which,  in  this  case, 
consists  of  pyrophosphate  of  silver,  2 AgO,  P05,)  and  the  latter  is  washed 
dried,  and  ignited,  (§  36).  For  the  properties  of  the  precipitated  phos- 
phates  of  silver,  see  § 72,  4. 

The  bases  in  the  filtrates  are  determined  after  the  removal  of  the  excess 
of  silver  used  (see  § 130). 

The  results  are  accurate  ; this  method  is  particularly  convenient,  on 
account  of  the  facility  with  which  the  alkalies  in  the  filtrate  may  be  esti- 
mated. 

b.  From  the  whole  of  the  alkalies. 


* A solution  of  iron  alum  (1:10),  mixed  with  an  equal  quantity  of  solution  of  acetate 
of  soda  (1:10),  and  to  which  it  is  as  well  to  add  some  free  acetic  acid,  answer  the  same 
purpose. 
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a.  The  Separation  of  the  phosphoric  acid  is  effected  by  the  method 
I.  c.  ß.y  and  the  baryta  and  the  alkalies  in  the  filtrate  are  separated  as 
directed  § 121. 

ß . The  aqueous  solution  is  mixed  with  acetate  of  lead  in  slight  excess, 
and  the  precipitate  formed  is  allowed  to  subside ; the  fluid  is  then  filtered 
off,  and  the  alkalies  in  the  filtrate  are  separated  from  the  excess  of  the 
salt  of  lead  used  in  the  process,  as  directed  in  § 130.  The  quantity  of 
the  phosphoric  acid  originally  present  in  the  analysed  compound  may  be 
inferred,  in  this  case,  from  the  loss,  but  it  may  also  be  determined  directly 
by  treating  the  washed  precipitate  of  phosphate  of  lead  according  to 
§ 106  II.  *. 

c.  From  baryta,  strontia,  Urne,  and  oxide  of  lead. 

The  compound  under  examination  is  dissolved  in  hydrochloric  or  nitric 
acid,  and  the  solution  precipitated  with  sulphuric  acid  in  slight  excess. 
In  the  Separation  of  phosphoric  acid  from  strontia,  lime,  and  oxide  of 
lead,  alcohol  is  added  in  conjunction  with  the  sulphuric  acid.  The  phos- 
phoric acid  in  the  filtrate  is  determined  according  to  I.  b.  a.  (in  the  case 
of  strontia,  lime,  and  oxide  of  lead  after  previous  removal  of  the  alcohol  by 
evaporation.)  The  determination  of  the  phosphoric  acid  is  made  the  most 
accurate  by  saturating  the  fluid  with  carbonate  of  soda,  evaporating  to 
dryness,  and  fusing  the  residue  with  carbonate  of  soda  and  potassa.  The 
fused  mass  is  then  dissolved  in  water,  and  the  further  process  conducted 
as  in  I.  b.  a. 

d.  From  magnesia. 

The  phosphoric  acid  is  separated  by  Berthier’s  method,  modified  by 
Kobell  (1.  c.  ß.),  and  the  magnesia  and  baryta  in  the  filtrate  are  separated 
in  the  manner  described  § 122. 

e.  From  the  whole  ofthe  alkaline  earths.  (Comp,  also  § 106.  II.  m and  o.) 

a.  The  phosphoric  acid  is  separated  by  the  method  I.  c.  y.  The  alka- 
line earths  remain  in  solution  as  Chlorides  with  the  alkaline  acetate  and 
alkaline  chloride. 

ß.  Dissolve  in  the  least  possible  amount  of  nitric  acid,  add  acetate  of 
lead  in  slight  excess,  let  the  precipitate  formed  subside,  wash  the  precipi- 
tate, which  consists  of  phosphate  and  basic  nitrate  of  lead,  dry,  ignite, 
(§  36),  and  weigh.  The  residue  is  phosphate  of  lead -f  oxide  of  lead,  or 
in  other  terms,  phosphoric  acid  + oxide  of  lead.  Put  the  crucible,  with 
its  contents,  into  a beaker  glass,  pour  moderately  dilute  nitric  acid  over  it, 
heat  until  it  dissolves,  decant  the  fluid  into  another  glass,  wash,  add  the 
rinsings  to  the  solution,  and  determine  the  oxide  of  lead  in  it  as  sul- 
phate  (§  92).  Calculate  from  this  the  oxide  of  lead,  and  deduct  the 
result  from  the  weight  of  the  first  residue  : the  difference  gives  the 
quantity  of  the  phosphoric  acid.  In  the  fluid  filtered  off  from  the  first 
precipitate,  the  bases  are  separated  from  the  excess  of  the  salt  of  lead  used, 
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in  the  mariner  described  (§  130).  This  method  also  gives  satisfactory 
results. 

f.  Front  alumina  (see  also  § 106  II.  m.  and  o.). 

a.  ( Otto  and  Fresenius ).  Dissolve  in  hydrochloric  or  nitric  acid,  dilute 
somewhat,  add  a tolerable  quantity  of  tartaric  acid,  and  then  ammonia 
in  excess.  If  you  have  added  sufficient  tartaric  acid,  the  fluid  must 
now  appear  clear.  Add  in  slight  excess  a clear  solution  of  sulphate  of 
magnesia  mixed  with  ammonia  and  chloride  of  ammonium,  let  the  mixture 
stand  at  rest  for  several  hours,  after  which  Alter,  and  wash  the  precipitate 
with  dilute  solution  of  ammonia ; to  free  it  completely  from  alumina,  re- 
dissolve  it  in  hydrochloric  acid,  add  a little  tartaric  acid,  and  reprecipitate 
with  ammonia.  Treat  the  precipitate  as  directed  in  I.  b.  a.  To  ob- 
tain  the  alumina  contained  in  the  flltrate,  add  some  nitrate  of  potassa,  and 
a sufficient  quantity  of  carbonate  of  soda  to  effect  the  decomposition  of 
the  chloride  of  ammonium  present,*  evaporate  to  dryness,  and  ignite  the 
residue  in  a platinum  vessel.  Dissolve  in  hydrochloric  acid  by  continued 
application  of  heat,  and  separate  the  alumina  from  the  magnesia,  as 
directed  in  § 124. 

ß.  ( Berzelius .)  Pulverise  the  compound  very  finely,  mix  the  powder 
with  about  one  and  a half  parts  of  pure  silicic  acidf  and  six  parts  of  car- 
bonate of  soda  in  a platinum  crucible,  and  expose  for  half  an  hour  to  a 
strong  heat.  Digest  the  ignited  mass  with  water,  add  bicarbonate  of  am- 
monia in  excess,  allow  it  to  stand  for  some  time,  filter  and  wash.  On  the 
filter  you  have  now  silicate  of  alumina  and  soda,  in  the  solution  phosphate 
of  soda,  bicarbonate  of  soda,  and  carbonate  of  ammonia  (were  the  solution 
filtered  before  the  addition  of  the  bicarbonate  of  ammonia,  it  would  contain 
also  some  of  the  alumina  compound).  Determine  the  phosphoric  acid  in 
the  solution  by  II.  «.,  and  separate  and  determine  the  alumina  in  the 
insoluble  residue  in  the  manner  described  §111. 

y.  (Fuchs.)  Dissolve  in  solution  of  potassa,  and  add  solution  of  silicate 
of  potassa.  Dilute  the  mucilaginous  mass  which  forms,  with  water,  and 
boil.  Filter  off  the  precipitate  of  silicate  of  alumina  and  potassa.  The 
filtrate  contains  the  whole  of  the  phosphoric  acid.  Acidulate  it  with 
hydrochloric  acid,  and  separate  the  phosphoric  acid  and  silicic  acid  in  the 
manner  described  in  § 135. 

8.  (Wackenroder  and  Fresenius.)  Precipitate  the  acid  solution  with 
ammonia,  taking  care  not  to  use  a great  excess  of  that  reagent,  and  add 
chloride  of  barium  as  long  as  a precipitate  continues  to  form.  Digest 
for  some  time,  and  filter.  The  precipitate  contains  the  whole  of  the  alu- 
mina and  the  whole  of  the  phosphoric  acid  ; the  latter  combined  partly 

* The  ignition  of  alumina  in  presence  of  chloride  of  ammonium  would  entail  loss  by  the 
formation  and  escape  of  chloride  of  aluminium. 

t The  safest  way  is  to  use  artifically  prepared  silicic  acid. 
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with  alumina,  partly  witli  baryta.  Wash  it  a little,  and  dissolve  in  the 
least  possible  quantity  of  liydrochloric  acid.  Saturate  the  solution  at  a 
liigh  temperature  with  carbonate  of  baryta,  add  solution  of  soda  in  excess, 
apply  heat,  precipitate  the  baryta  which  the  solution  may  contain,  with 
carbonate  of  soda,  and  filter.  You  have  now  the  whole  of  the  alumina 
in  the  solution,  the  whole  of  the  phosphoric  acid  in  the  precipitate. 
Acidulate  the  solution  with  liydrochloric  acid,  boil  with  some  chlorate  of 
potassa,  and  precipitate  as  directed  § 83.  Dissolve  the  precipitate  in 
liydrochloric  acid,  precipitate  the  baryta  with  dilute  sulphuric  acid,  filter, 
and  determine  the  phosphoric  acid  in  the  filtrate  by  precipitation  with 
solution  of  magnesia  in  the  manner  described  in  I.  b.  a.  Hermann  lias 
applied  a similar  method  in  his  analysis  of  Gibbsite. 

g.  From  sesquioxide  of  chromium. 

Fuse  with  carbonate  and  nitrate  of  soda,  and  separate  the  chromic  acid 
and  phosphoric  acid  in  the  manner  described  § 1 35. 

h.  From  the  metallic  oxides  of  the  fourth  group. 

a.  Fuse  with  carbonate  of  soda  and  potassa.  Keep  in  fusion  for  some 
time,  and  then  boil  the  fused  mass  with  water.  Filter  and  wash  the  un- 
dissolved  residue.  The  filtrate  contains  the  phosphoric  acid  combined 
with  soda;  determine  the  acid  as  directed  in  II.  a.  Dissolve  the  residue, 
which  generally  retains  an  admixture  of  alkalies,  in  acid,  and  determine 
the  respective  metals  in  the  solution  by  the  appropriate  methods  (see 
§§  85  to  90). 

In  the  case  of  phosphate  of  manganese,  carbonate  of  soda  is  used  in- 
stead  of  carbonate  of  soda  and  potassa.  Should  a small  portion  of  man- 
ganic  acid  have  got  into  the  solution,  tliis  is  removed  by  a little  sulphu- 
retted  hydrogen  water. 

ß.  Dissolve  in  hydrochloric  acid,  add  tartaric  acid,  then  ammonia,  and 
finally,  in  a flask  which  is  to  be  closed,  sulphide  of  ammonium,  put  the 
flask  in  a moderately  warm  place,  and  allow  it  to  deposit  until  the  fluid 
appears  of  a pure  yellow  color,  without  the  least  tinge  of  green ; filter, 
and  determine  the  metals  as  directed  in  §§  85  to  90.  The  phosphoric 
acid  is  calculated  from  the  loss,  or  determined  according  to  I.  b.  a.  The 
solution  of  sulphate  of  magnesia  may  immediately  be  added  to  the  filtrate, 
which  contains  sulphide  of  ammonium.  This  method  is  not  well  adapted 
for  the  analysis  of  phosphate  of  nickel.  In  the  case  of  iron  it  is  liable 
to  give  a little  too  much  pyrophosphate  of  magnesia,  and  too  little  ses- 
quioxide of  iron  (Rose.) 

y.  (Special  method  to  separate  the  phosphoric  acid  from  the  oxides  of 
iron,  Fresenius.)  Reduce  the  peroxide  of  iron  in  the  solution,  if  necessary, 
with  sulphite  of  soda,  add  solution  of  soda  or  potassa  in  excess,  boil  until 
the  precipitate  has  become  black  and  granulär,  filter,  and  wash  with  boiling 
water.  The  precipitate  on  the  filter  is  protosesquioxide  of  iron,  free  from 
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pliosphoric  acid.  The  phosphoric  acid  in  the  filtrate  is  dctermined  as 
directed  in  I.  b.  a. 

i.  From  the  metals  of  the  ßfth  and  sixth  groups. 

Dissolve  in  hydrochloric  or  nitric  acid,  precipitate  with  sulphuretted 
hydrogen,  filter,  determine  the  bases  by  the  methods  given  in  §§  91  to 
102,  and  the  phosphoric  acid  in  the  filtrate  by  I.  b.  a.,  or,  under  circum- 
stances,  also  by  I.  a.  From  oxide  of  silver  the  phosphoric  acid  is  sepa- 
rated  in  a more  simple  way  still,  by  adding  hydrochloric  acid  to  the  nitric 
acid  solution  ; from  oxide  of  lead  it  is  separated  most  readily  by  II.  c. 

k.  From  all  the  bases,  except  alumina  and  oxide  of  mer cur y (II.  Rose). 

The  phosphoric  acid  is  separated  as  phosphate  of  suboxide  of  mercury 
by  Rose’s  method  (§  106,  I.  b.  y). 

a.  If  the  substance  contained  no  iron,  the  fluid  filtered  off  from  the 
phosphate  of  suboxide  of  mercury,  contains  all  the  bases  as  nitrates,  to- 
gether  with  much  nitrate  of  suboxide  of  mercury,  and  occasionally  also 
some  oxide.  The  former  is  removed  by  the  addition  of  hydrochloric  acid. 
The  precipitated  subchloride  of  mercury  is  free  from  other  bases.  If 
only  a slight  precipitate  is  produced  by  hydrochloric  acid,  the  filtration  is 
preceded  by  addition  of  ammonia.  The  bases  in  the  filtrate  are  deter- 
mined  in  the  usual  way.  If  the  mercury  has  been  separated  by  ammonia, 
the  precipitate  is  dried  and  ignited  (under  a chimney  with  a good  draught). 
If  a residue  remain,  this  must  be  more  closely  examined.  If  it  consists 
of  phosphates  of  the  alkaline  earths,  the  treatment  with  mercury  and  nitric 
acid  must  be  repeated  ; if,  on  the  contrary,  it  consists  of  pure  magnesia  or 
of  carbonates  of  the  alkaline  earths,  it  is  dissolved  in  hydrochloric  acid, 
and  the  solution  added  to  the  fluid  containing  the  chief  portion  of  the 
bases.  The  following  method  is  often  advantageously  resorted  to  instead 
of  the  one  just  described  : the  fluid  filtered  off  from  the  phosphate  of  sub- 
oxide of  mercury  is  evaporated  to  dryness  in  a platinum  dish,  and  the 
residue  ignited  in  a platinum  crucible  under  a chimney  with  a good  draught. 
If  alkaline  nitrates  are  present,  some  carbonate  of  ammonia  must  be  added 
from  time  to  time  during  the  process  of  ignition,  to  guard  against  injury 
to  the  crucible  from  caustic  alkali  forming.  The  ignited  residue  is 
treated,  according  to  circumstances,  first  with  water  and  then  with  nitric 
acid,  or  at  once  with  nitric  acid. 

ß.  If  the  substance  contained  iron,  the  greater  part  of  that  metal  is  left 
undissolved  with  the  phosphate  of  suboxide  of  mercury.  The  dissolved  part 
is  separated  from  the  other  bases  by  the  methods  given  below ; the  un- 
dissolved part  is  obtained,  after  ignition  of  the  residue  containing  it,  with 
carbonate  of  soda  and  potassa,  and  treating  of  the  ignited  mass  with 
water,  as  sesquioxide  of  iron  containing  alkali.  This  is  dissolved  in  hydro- 
chloric acid,  and  the  solution  precipitated  with  ammonia  ; as  alumina  cau- 
not  be  decomposed,  like  sesquioxide  of  iron,  by  fusion  with  carbonate  of 
soda  and  potassa,  whilst  nitrate  of  alumina  and  nitrate  of  sesquioxide  of 
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iron  are  both  equally  decomposed  upon  simple  evaporation,  the  method 
just  described  is  not  applicable  in  presence  of  alumina. 

l.  From  sesquioxide  of  iron , alumina,  alkaline  earths,  and  many  other 
bases  (II.  Rose). 

Mix  the  hydrochloric  acid  solution  with  carbonate  of  baryta  in  excess 
let  the  mixture  digest  some  days  in  the  cold,  Alter,  and  wash  with  cold 
water.  The  precipitate  contains  the  wliole  of  the  phosphoric  acid  in  com- 
bination  with  sesquioxide  of  iron,  alumina,  baryta,  and  besides  also  the 
excess  of  carbonate  of  baryta  used.  The  other  bases  are  in  the  filtrate. 
The  precipitate  is  dissolved  in  the  least  possible  quantity  of  dilute  hydro- 
chloric acid,  the  baryta  cautiously  precipitated  with  sulphuric  acid,  the 
fluid  saturated  with  carbonate  of  soda,  and,  together  with  the  precipitate, 
evaporated  to  dryness ; the  residue  is  mixed  with  an  equal  quantity  of 
pure  silicic  acid,  and  six  times  as  much  carbonate  of  soda,  and  the  mixture 
heated  in  a large  platinum  crucible,  commencing  with  a gentle  heat,  which 
is  then  gradually  increased  to  a very  high  degree.  The  remaining  opera- 
tions  are  conducted  exactly  as  directed  in  II./.  ß. 

m.  From  many  bases , especially  from  the  alkaline  earths  and  alumina 
(but  not  from  sesquioxide  of  iron). 

Precipitate  the  phosphoric  acid  as  phosphate  of  binoxide  of  tin,  in  the 
manner  directed  in  I.  d.  a.  The  filtrate  contains  the  bases,  free  from  ad- 
mixture  with  any  foreign  body  which  it  might  be  necessary  to  remove  ; 
this  circumstance  greatly  facilitates  the  determination  of  the  bases.  It 
remains  still  to  be  ascertained  which  bases  do  not  admit  of  the  application 
of  this  otherwise  very  convenient  method. 

n.  From  sesquioxide  of  iron  in  large  proportion  and  in  presence  of  alka- 
line earths  (as  is  often  the  case  in  the  analysis  of  iron  ores).  (Fresenius, 
Journ.  f.  prakt.  Chem.  45,  258). 

The  determination  of  the  phosphoric  acid  in  such  Compounds  may  indeed 
be  accomplished  by  I.  c.  ß.  or  y.,  but  the  Separation  of  a small  quantity  of 
phosphoric  acid  from  a very  large  proportion  of  sesquioxide  of  iron  is  a 
most  tedious  task  ; it  is  therefore  preferable  in  cases  of  the  kind  to  pro- 
ceed  as  follows  : the  hydrochloric  acid  solution  is  heated  to  boiling,  then 
removed  from  the  lamp,  and  solution  of  sulphite  of  soda  added,  until 
carbonate  of  soda  produces  a nearly  white  precipitate  ; the  mixture  is 
then  boiled  until  the  odor  of  sulphurous  acid  has  gone  off ; the  excess  of 
free  acid  which  might  still  be  present  is  nearly  neutralised  with  carbonate 
of  soda,  a few  drops  of  chlorine  water  are  added,  and  lastly,  acetate  of 
soda  in  excess.  The  minutest  quantity  of  phosphoric  acid  sliows  itself  at 
once  by  the  formation  of  a white  precipitate  of  phosphate  of  sesquioxide  of 
iron.*  More  chlorine  water  is  now  added  drop  by  drop,  until  the  fluid 


* Silicic  acid  and  arsenic  acid  produce  a similar  precipitate,  and  must  therefore,  if  they 
happen  to  be  present,  be  previously  removed. 
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appears  reddish,  it  is  then  boiled,  until  the  precipitate  has  well  subsided  ; 
the  latter  is  filtered  off  hot,  and  washed  with  hot  water.  The  precipitate 
contains  the  whole  of  the  phosphoric  acid,  together  with  a small  portion 
of  the  iron  ; the  filtrate  contains  the  greater  portion  of  the  latter,  together 
with  alkaline  earths.  The  precipitate  is  treated  as  directed  § 106.  II.  h. 

o.  From  all  bases  without  exception. 

Apply  Sonnenschein’ s method  (I.  b.  ß.),  and  separate  the  bases  from  the 
molybdic  acid  in  the  fluid  filtered  off  from  the  phospho-molybdate  of  ammo- 
nia.  As  molybdic  acid  comports  itself  with  sulphuretted  hydrogen  and  sul- 
phide  of  ammonium  like  a metal  of  the  sixth  group,  it  is  best  to  precipi- 
tate metals  of  the  sixth  and  also  of  the  fifth  group  from  acid  Solutions  with 
sulphuretted  hydrogen  before  you  proceed  to  precipitate  the  phosphoric 
acid  with  molybdic  acid ; you  will  thus  have  to  separate  the  phosphoric  acid 
only  from  the  metals  of  the  first  four  groups.  The  process  is  conducted 
as  follows  : mix  the  acid  fluid  in  a flask  tliat  admits  of  being  closed,  with 
ammonia  tili  it  acquires  an  alkaline  reaction,  add  sulphide  of  ammonium 
in  sufficient  excess,  and  digest  the  mixture.  As  soon  as  the  solution 
appears  of  a pure  yellow  color,  without  the  least  tinge  of  green,  filter  off 
the  fluid,  which  contains  sulphide  of  molybdenum  and  ammonium,  wash 
the  residue  with  water,  mixed  with  some  sulphide  of  ammonium,  and 
separate  the  remaining  metallic  sulphides  and  hydrated  oxides  of  the 
fourth  and  third  groups  by  the  methods  which  will  be  found  in  Section  V. 
Mix  the  filtrate  cautiously  with  hydrochloric  acid  in  moderate  excess,  and, 
if  the  fluid  does  not  already  smell  strongly  of  sulphuretted  hydrogen,  add 
some  of  that  agent;  filter  off  the  sulphide  of  molybdenum,  and  determine 
the  alkaline  eaiths  and  alkalies  in  the  filtrate.  This  method  of  separating 
the  phosphoric  acid  from  the  bases  is  highly  recommended. 


§ 107. 

5.  BORACIC  ACID. 

I.  Determination. 

The  determination  of  boracic  acid  is  always  effected  best  in  an  indirect 
way,  as  there  exists  no  compound  of  it  sufficiently  insoluble  to  admit  of  its 
being  used  to  any  advantage  for  the  direct  Separation  of  the  acid. 

The  determination  of  the  boracic  acid  in  an  aqueous,  or  alcoholic  solution 
cannot  be  effected  by  simply  evaporating  tbe  solution  and  weighing  the 
residue,  as  a notable  portion  of  the  acid  volatilises  and  is  carried  off  along 
with  the  aqueous  or  alcoholic  vapor.  This  is  the  case  also  when  the 
solution  is  evaporated  with  oxide  of  lead  in  excess. 

The  best  way  of  determining  the  boracic  acid  is  tberefore  the  follow- 
ing  : — mix  the  solution  of  the  boracic  acid  with  a weighed  quantity  of 
pure  carbonate  of  soda,*  about  equal  to  the  supposed  amount  of  the 

* Fused  carbonate  of  soda  answers  the  purpose  best. 
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boracic  acid,  or  exceeding  it  up  to  double  the  quautity.  Evaporate  the 
mixture  to  dryness,  lieat  tlie  residue  to  fusion,  and  weigh.  The  residue 
contains  a known  amount  of  soda,  and  unknown  quantities  of  earbonic 
acid  and  boracic  acid.  Determine  the  earbonic  acid  by  one  of  the  methods 
given  in  § 11 0,  and  calculate  the  boracic  from  the  difference  ( H . Rose ) . 

II.  Separation  of  boracic  acid  from  tlie  bases. 

The  boracic  acid  is  generally  calculated  from  the  difference  between 
the  weight  of  the  separated  base  and  that  of  the  analysed  borate,  as  a 
direct  determination  of  the  acid,  even  though  practicable,  is  yet  always  a 
task  of  very  considerable  difficulty. 

a.  From  the  whole  of  the  fixed  bases. 

A portion  of  the  very  finely  pulverised  compound  under  examination  is 
weiglied,  put  into  a platinum  crucible,  and  digested  with  a sufficient 
quantity  of  hydrofluoric  acid  ; pure  concentrated  sulphuric  acid  is  tlxen 
gradually  added,  drop  by  drop,  and  the  mixture  heated,  gently  at  first, 
then  more  strongly,  until  the  excess  of  the  sulphuric  acid  is  completely 
expelled.  In  this  Operation  the  boracic  acid  goes  off  in  the  form  of  fluoride 
of  boron.  (Bo03-|-3  H F1=B  FI3  + 3 HO.)  The  residue  contains  the 
bases  in  the  form  of  sulphates  ; the  bases  are  determined  by  the  appro- 
priate  methods,  and  the  quantity  of  the  boracic  acid  is  inferred  from  the 
difference  between  the  weight  of  the  separated  base  and  that  of  the  ana- 
lysed borate.  The  application  of  this  method  presupposes,  of  course,  that 
the  analysed  compound  is  decomposable  by  sulphuric  acid.  Instead  of 
the  hydrofluoric  acid,  pure  finely  pulverised  fiuor-spar  may  be  used  in  the 
proportion  of  four  parts  to  one  part  of  the  borate  ; but  in  this  case  the 
determination  of  the  base  is  somewhat  more  difficult,  as  the  residuary 
sulphate  contains  a considerable  admixture  of  sulphate  of  lime. 

b.  From  the  al/calies. 

Dissolve  a weighed  quantity  of  the  borate  in  water,  add  an  excess  of 
hydrochloric  acid,  and  evaporate  the  solution  on  a water-bath.  To- 
wards  the  end  of  the  Operation  add  a few  more  drops  of  hydrochloric  acid, 
and  keep  drying  the  residue  on  the  water-bath,  until  no  more  hydrochloric 
acid  vapors  escape.  Determine  now  the  chlorine  in  the  residue  (§  112), 
calculate  from  this  the  alkali,  and  the  boracic  acid  from  the  difference. 

E.  Schweizer,  with  whom  this  method  originated,  states  that  it  gave 
him  very  satisfactory  results  in  his  analysis  of  borax.  It  will,  probably, 
answer  also  in  the  case  of  some  other  borates. 

c.  From  baryta,  strontia,  lime,  and  oxide  of  lead. 

The  same  method  as  in  the  case  of  phosphoric  acid,  § 106,  II.  c.  The 
quantity  of  the  boracic  acid  is  inferred  from  the  loss. 

d.  From  magnesia. 

Dissolve  the  compound  in  hydrochloric  acid,  supersaturate  with  ammo- 
nia,  precipitate  the  magnesia  by  phosphate  of  soda  (§  82),  and  calculate 


OXALIC  ACID. 


237 


§ 108.] 


the  boracic  acid  from  tbe  loss.  The  pyropliosphate  of  magnesia  obtained  by 
the  process,  coatains  a very  rainute  admixture  of  boracic  acid  (II.  Rose), 
e.  From  the  metallic  oxides  of  the  fourth,  fifth,  and  sixth  groups. 

The  metallic  oxides  are  precipitated  by  sulphuretted  hydrogen,  or,  as 
the  case  ipay  be,  sulphide  of  ammonium,  and  determined  by  the  appro- 
priate  methods.  The  quantity  of  boracic  acid  is  inferred  from  the  loss. 
In  cases  where  the  metal  lias  been  precipitated  with  sulphuretted  hydrogen 
from  acid  or  neutral  Solutions,  the  boracic  acid  may  also  be  determined  in 
the  filtrate  by  the  methods  given  in  I.,  after  having  been  previously  com- 
pletely  freed  from  sulphuretted  hydrogen  by  the  transmission  of  carbonic 
acid  through  the  fluid. 

§ 108. 

6.  OXALIC  ACID. 


I.  Determination. 

Oxalic  acid  is  either  precipitated  as  oxalate  of  Urne,  and  the  latter  deter- 
mined as  carhonate  of  Urne,  or  the  proportion  of  it  contained  in  a compound 
is  inferred  from  the  quantity  of  gold  reduced  by  it,  or  from  the  amount  of 
carbonic  acid  which  it  produces  upon  accession  of  one  equivalent  of 
oxygen. 

a.  Determination  as  carhonate  of  lime. 

Precipitate  with  solution  of  acetate  of  lime  added  in  moderate  excess, 
and  treat  the  precipitated  oxalate  of  lime  as  directed  in  § 8 1 . If  this 
metliod  is  to  yield  accurate  results,  the  solution  must  be  neutral,  or  made 
slightly  acid  by  acetic  acid ; it  must  not  contain  alumina,  sesquioxide  of 
ehromium  or  oxides  of  the  heavy  metals,  more  especially  sesquioxide  of 
iron  or  oxide  of  copper  ; tlierefore  where  these  conditions  do  not  exist  they 
must  first  be  supplied. 

b.  Determination  by  inference  from  the  amount  of  gold  reduced  by  the 
acid. 

a.  In  compounds  which  dissolve  in  water. 

Add  to  the  solution  of  the  oxalic  acid  or  the  oxalate  a solution  of  auro- 
perchloride  of  soda,  or  auro-perchloride  of  ammonium,  and  digest  for 
some  time  at  a temperature  near  ebullition,  with  exclusiou  of  direct  solar 
light.  Collect  the  precipitated  gold  in  a Alter,  wash,  dry,  ignite,  and 
weigh  it.  One  equivalent  of  gold  (2458'33)  corresponds  to  three  equiva- 
lents  of  C2  03  (3  x 450=  1350). 

ß.  In  compounds  which  do  not  dissolve  in  water. 

Dissolve  in  the  least  possible  amount  of  hydrochloric  acid,  dilute  with  a 
very  large  quantity  of  water,  in  a capacious  flask,  cleaned  previously  with 
solution  of  soda,  add  solution  of  gold  in  excess,  boil  the  mixture  some 
time,  let  the  gold  subside,  taking  care  to  exclude  solar  light,  and  tlien  pro- 
ceed  as  directed  in  a. 


238  OXALIC  ACID.  [§>  108. 

The  method  of  determining  oxalic  acid  by  inference,  from  the  amount 
of  gold  reduced  by  it,  give  very  accurate  results. 

c.  Determination  as  carbonic  acid. 

This  may  be  effected  either 

a.  By  the  method  of  organic  elementary  analysis  (§  142)  ; or 

ß.  By  bringing  oxalic  acid  into  contact  with  finely  pulverised  binoxide 
of  manganese  in  excess,  and  with  sulpliuric  acid,  in  an  apparatus  so  con- 
structed  that  the  disengaged  carbonic  acid  is  perfectly  dried  previously  to 
escaping. 

The  theory  of  this  method  may  be  illustrated  by  the  following  equation  : 

C203+Mn02  + S03=Mn0,  S03  + 2 C02 

For  every  one  equivalent  of  oxalic  acid  we  obtain  accordingly  two  equi- 
valents  of  carbonic  acid.  For  the  apparatus,  and  the  process,  refer  to 
§ 110.  II.  b.  ß.,  and  to  the  chapter  on  the  examination  of  manganese 
ores.  Here  I may  remark,  that  free  oxalic  acid  must  first  be  prepared  for 
the  process  by  slight  supersaturation  with  ammonia,  and  also  that  nine 
parts  of  free  oxalic  acid  require  theoretically  eleven  parts  of  pure  binoxide 
of  manganese.  Since  an  excess  of  the  latter  substance  does  not  interfere 
with  the  accurac.y  of  the  results,  it  is  easy  to  determine  by  simple  estima- 
tion  the  amount  to  be  added.  The  binoxide  of  manganese  need  not  be 
pure,  provided  it  contain  no  carbonate.  This  method  is  very  expeditious, 
and  gives  highly  accurate  results,  especially  if  the  process  is  conducted 
in  a light  apparatus,  so  as  to  admit  the  use  of  a delicate  balance. 

Instead  of  binoxide  of  mangenese,  chromate  of  potassa  may  be  used ; 
compare  § 104.  c. 

II.  Separation  of  oxalic  acid  from,  the  bases. 

a.  The  oxalic  acid  is  determined  by  I.  b.,  and  the  gold  separated  from 
the  bases  in  the  filtrate  by  the  methods  given  in  Section  V. 

b.  The  methods  I.  c.  a.  and  ß.  are  applicable  in  all  cases  as  far  as  the 
acid  is  concerned  ; but  the  determination  of  the  bases  in  the  same  portion 
of  the  analysed  substance  is  not  very  practicable  in  a.,  and'  inconvenient 
in  ß. 

c.  In  many  neutral  oxalates,  the  proportion  of  acid  may  be  inferred 
from  the  loss  of  weight  which  the  salt  undergoes  upon  ignition  in  the  air 
and  consequent  reduction  to  the  metallic  state  ( e . g.  oxalate  of  silver),  or 
to  pure  oxide  ( e . g.  oxalate  of  lead),  or  to  carbonate  (the  oxalates  of  the 
alkaline  earths  and  of  the  alkalies).  This  method  is  particularly  adapted 
to  determine  the  bases  in  the  oxalates. 

d.  In  many  soluble  salts  the  oxalic  acid  may  be  determined  by  the 
method  I.  a.;  separating  the  bases  afterwards  from  the  excess  of  the  salt 
of  lime,  by  the  methods  given  in  Section  V. 

e.  All  the  oxalates  whose  bases  are  precipitated  by  carbonate  of  potassa 
or  carbonate  of  soda,  and  are  insoluble  in  an  excess  of  the  precipitant,  mav 
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be  decomposed  by  boiling  with  solution  of  carbonate  of  potassa  or  car- 
bonate  of  soda,  into  oxide  or  carbonate  on  tbe  one,  and  alkaline  oxalate  on 
the  other  side. 

f.  All  the  salts  of  oxalic  acid  with  the  oxides  of  the  fourth,  fifth,  and 
sixth  groups,  may  be  decomposed  with  sulphuretted  hydrogen,  or  with 
sulphide  of  ammonium. 

§ 109. 

7.  HYDROFLUORIC  ACID. 

I.  Determination. 

Free  hydrofluoric  acid  in  aqueous  solution  is  determined  best  as  ßuoride 
of  calcium.  For  this  purpose,  carbonate  of  soda  is  added  in  moderate  ex- 
cess,  and  then  a solution  of  chloride  of  calcium  as  long  as  a precipitate  con- 
tinues  to  form  ; when  the  precipitate,  which  consists  of  fluoride  of  calcium 
and  carbonate  of  lime,  has  subsided,  it  is  washed,  first  by  decantation, 
afterwards  on  the  filter,  and  dried ; when  dry,  it  is  ignited  in  a platinum 
crucible  (§  35) ; water  is  then  poured  over  it  in  a platinum  or  porcelain 
dish,  acetic  acid  added  in  slight  excess,  the  mixture  evaporated  to  dryness 
on  the  water-bath,  and  heated  on  the  latter  until  all  odor  of  acetic  acid  has 
gone  off.  The  residue,  which  consists  of  fluoride  of  calcium  and  acetate 
of  lime,  is  heated  with  water,  the  fluoride  of  calcium  filtered  off,  washed, 
dried,  ignited  (§  35),  and  weighed.  If  the  precipitate  of  fluoride  of  cal- 
cium and  carbonate  of  lime  were  treated  with  acetic  acid,  without  previous 
ignition,  the  washing  of  the  fluoride  would  prove  a difficult  task.  Pre- 
sence  of  nitric  acid  or  of  hydrochloric  acid  in  the  aqueous  solution  of  the 
hydrofluoric  acid  does  not  interfere  with  the  process  (77.  Rose). 

II.  Separation  of  fluorine  from  the  bases. 

a.  Soluble fluorides. 

In  acid  Solutions  the  fluorine  is  determined  by  the  method  given  in  I., 
and  the  bases  in  the  filtrate  are  separated  from  the  excess  of  lime  and  from 
the  soda,  by  the  methods  given  in  Section  V.  Neutral  Solutions  are  mixed 
with  a sufficient  quantity  of  chloride  of  calcium,  and  the  mixture  heated 
to  boiling,  in  a platinum  dish,  or,  but  less  appropriately,  in  a porcelain  dish  ; 
the  precipitate  of  fluoride  of  calcium  is  allowed  to  subside,  thoroughly 
washed  with  hot  water,  by  decantation,  transferred  to  the  filter,  dried, 
ignited,  and  weighed.  The  bases  in  the  filtrate  are  then  separated  from 
the  excess  of  the  salt  of  lime,  by  the  appropriate  methods.  That  the 
bases  may  be  determined  also  in  separate  portions  by  the  methods  given 
in  b.,  need  liardlv  be  stated. 

b.  Insoluble  fluorides. 

a.  Anhydrous  insoluble  fluorides. 

The  finely  pulverised  and  accurately  weighed  substance  under  examina- 
tion,  is  heated  for  some  time  with  pure  concentrated  sulphuric  acid,  and 
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the  residue  finally  ignited  until  the  free  sulphuric  acid  is  completely  ex- 
pelled.  The  residuary  sulpliate  is  weighed,  and  the  metal  contained  in  it 
calculated.  The  difference  between  the  calculated  weight  of  the  metal  and 
that  of  the  original  fluoride  shows  the  amount  of  fluorine  originally  pre- 
sent in  the  analysed  compound.  In  cases  where  we  have  to  deal  with 
metals  wliose  sulphate  gives  off  part  of  the  sulphuric  acid  upon  ignition, 
or  where  the  residue  happens  to  contain  several  metals,  it  is  necessary  to 
subject  the  residue  to  a further  analysis  before  this  calculation  can  be 
made. 

ß.  Hydrated  insoluble ßuorides. 

A sample  of  the  compound  under  examination  is  heated  in  a tube. 

aa.  The  water  expelled  is  perfectly  neutral  to  litmus  paper. 

In  this  case  the  amount  of  water  present  is  ascertained  by  igniting  the 
hydrated  compound,  and  the  fluoride  and  metal  are  subsequently  deter- 
mined  as  directed  in  II.  b.  a. 

bb.  The  water  expelled  manifests  an  acid  reaction. 

The  hydrated  fluoride  under  examination  is,  in  the  first  place,  treated 
with  sulphuric  acid  as  directed  in  II.  b.  a.,  to  determine  the  metal  on  the 
one  hand,  and  the  water + fluorine  on  the  other.  Another  weighed  portion 
is  then  mixed  in  a small  retort,  with  about  six  parts  of  recently  ignited 
oxide  of  lead  ; the  mixture  is  covered  with  a layer  of  oxide  of  lead,  the 
retort  weighed,  and  the  water  (which  is  now  entirely  free  from  admixture 
of  hydrofluoric  acid)  expelled  by  the  application  of  heat,  increased  gradu- 
ally  to  redness.  The  weight  of  the  expelled  water  is  inferred  from  the 
loss.  The  first  Operation  having  given  us  the  exact  amount  of  the  water + 
fluorine,  the  quantity  of  the  latter  substance  may  now  be  readily  calculated 
by  simply  subtraeting  from  the  combined  weight  of  the  water  + fluorine, 
the  weight  of  the  water  expelled  in  the  second  Operation. 

In  the  fifth  section  we  shall  have  occasion  to  speak  of  another  method 
of  determining  fluorine  (in  the  chapter  on  the  Separation  of  fluorine  from 
silicic  acid). 

§ 110. 

8.  CARBONIC  ACID. 

l.  Determination. 

a.  In  a mixture  of  gases. 

Measure  the  gases  accurately  in  a graduated  tube  over  mercury,  insert 
into  the  tube  a moistened  ball  of  liydrate  of  potassa  cast  on  a platinum 
wire  in  a pistol  bullet-  mould,  and  leave  this  in  the  tube  for  twenty-four 
hours,  or  until  the  volume  of  the  gas  ceases  to  show  further  diminution ; 
withdraw  the  ball  now,  and  measure  the  gas  remaining  ; the  amount  of 
carbonic  acid  gas  originally  present  is  inferred  from  the  difference,  pro- 
vided  always,  of  course,  that  the  gaseous  mixture  contained  no  other  gas 
liable  to  absorption  by  potassa. 
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b.  In  aqueous  solution. 

Mix  solution  of  chloride  of  barium  with  sorae  solution  of  ammonia,  let 
the  mixture  stand  at  rest,  and  should  the  fluid  have  become  turbid,  Alter  it 
into  an  appropriate  glass  vessel  of  sufficient  capacity  to  hold  ten  times 
tbe  quantity.  Put  in  the  stopper,  determine  the  weight,  and  then  care- 
fully  transfer  to  it  the  aqueous  solution  of  the  carbonic  acid  wliich  you 
wish  to  examine,  taking  care  not  to  All  the  vessel  to  the  brim  ; insert 
the  stopper,  and  vveigh  again.  The  dilference  betvveen  the  first  and 
second  weighings  shows  the  quantity  of  the  water.  If  the  water  to  be 
examined  can  be  got  into  a syphon  by  slow  immersion  of  that  instrument, 
it  will  be  found  more  convenient  to  determine  the  quantity  in  this  way 
by  measure. 

Shake  the  vessel,  let  the  turbid  mixture  stand  four  days,  and  then  de- 
cant  the  fluid  rapidly  off  on  a Alter  secluded  as  much  as  possible  from  access 
of  air ; fill  the  vessel  with  warm  water,  close,  shake,  allow  it  to  deposit, 
decant  again,  and  repeat  this  washing  by  decantation  once  more  ; transfer 
the  precipitate  now  to  the  Alter,  wash  until  the  last  rinsings  remain  clear 
upon  addition  of  solution  of  silver,  dry,  ignite  gently,  and  weigh  (§  36). 
The  amount  of  the  carbonic  acid  may  now  be  calculated  from  the  weight 
of  the  carbonate  of  baryta,  provided  always,  of  course,  that  the  analysed 
sölution  contained,  besides  carbonic  acid,  no  other  substance  liable  to  be 
precipitated  by  ammonia  and  chloride  of  barium.  But  should  tlielatter  be 
the  case,  and  the  precipitated  carbonate  of  baryta  accordingly  contain  an 
admixture  of  sulphate  of  baryta,  phosphate  of  baryta,  sesquioxide  of  iron, 
or  other  similar  substances,  the  carbonic  acid  must  be  determined  in  the 
dried  but  not  weighed  precipitate,  as  directed  in  II.  The  Alter,  scraped 
as  clean  as  possible  had  better  be  incinerated,  and  the  aslies  added  to  the 
precipitate.  If  the  precipitate  is  very  large  it  is  best  first  to  weigh  the 
whole  of  it,  and  then  to  determine  the  carbonic  acid  in  a weighed  off  por- 
tion  of  the  uniformly  mixed  powder. 

If  the  last  particles  of  the  precipitate  cannot  be  removed  from  the  glass 
by  mechanical  means,  they  are  dissolved  in  a little  dilute  hydroehloric 
acid  (the  glass  having  previously  been  thoroughly  washed),  the  solution  is 
precipitated  with  carbonate  of  soda,  and  the  trifling  precipitate  formed 
filtered  off  on  a separate  small  Alter,  which  latter  is  in  that  case  incinerated 
with  the  larger  one. 

II.  Separation  of  carbonic  acid  from  the  bases. 

The  following  methods  are  all  of  them  based  upon  the  same  principle, 
viz.,  the  expulsion  of  the  carbonic  acid  by  a more  powerful  acid.  The 
quantity  6f  the  carbonic  acid  is  inferred  either  from  the  loss  of  weight  suf- 
fered  by  the  analysed  compound,  or  from  the  increase  of  wreight  gained 
by  the  fluid  which  has  been  made  to  absorb  the  carbonic  acid  gas 
disengaged. 
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a.  Separation  of  carbonic  acid  from  bases  which  apon  ignition  readily 
and  completely  yield  the  carbonic  acid  with  wldch  they  are  combined. 

Such  are,  for  instance,  tlie  carbonates  of  the  Oxides  of  zinc,  cadmium, 
lead,  copper,  magnesium,  &c. 

a.  Anhydrous  carbonates . 

Heat  the  weighed  substance  in  a platinum  crucible  (in  the  case  of  the 
oxides  of  cadmium  and  lead  in  a porcelain  crucible)  to  ignition,  and  keep 
it  in  that  state  until  the  weight  of  the  residue  remains  constant.  The  re- 
sults  are,  of  course,  very  accurate.  Substances  liable  to  absorb  oxygen 
upon  ignition  in  the  air,  are  ignited  in  a bulb-tube,  through  which  a stream 
of  dry  carbonic  acid  gas  is  conducted  during  the  process.  The  carbonic 
acid  is  inferred  from  the  loss. 

ß.  Hydrated  carbonates. 

The  carbonate  is  heated  in  a glass  tube  connected  with  a chloride  of 
calcium  tube  and  a potassa  apparatus  ; the  posterior  part  of  the  tube 
coutaius  some  fused  chlorate  of  potassa.  The  process  is  the  same  as  in 
organic  elementary  analysis  (§  143).  The  oxygen  evolved  from  the  chlo- 
rate of  potassa  serves  to  expel  the  last  traces  of  carbonic  acid  from  the 
tube.  The  chloride  of  calcium  tube  and  the  potassa  apparatus  are  weighed 
about  fifteen  minutes  after  the  termination  of  the  process,  to  permit  the 
atmospheric  air  to  replace  by  simple  dilfusion  the  oxygen  gas  contain<?d 
in  them.  In  very  accurate  experiments  the  solution  of  potassa  is  satu- 
rated  with  oxygen  gas  before  the  process  commences.  (Compare  § 143. 
bb.)  That  the  carbonate  intended  to  be  analysed  by  tliis  method  must  be 
entirely  free  from  admixture  of  organic  substances,  is  evident. 

Or,  the  substance  is  ignited  in  a bulb-tube  through  which  dried  air,  or, 
in  presence  of  oxidisable  substance,  carbonic  acid,  is  transmitted,  and 
which  is  connected  with  a chloride  of  calcium  tube  by  means  of  a dried 
close-fitting  cork.  During  the  ignition,  the  posterior  end  of  the  tube  is, 
by  means  of  a small  lamp,  kept  sufficiently  hot,  to  prevent  the  condensation 
of  water  in  it,  care  heilig  taken  however  to  guard  against  burning  the 
cork.  The  loss  of  weight  of  the  tube  gives  the  amount  of  the  water  + 
the  carbonic  acid  ; the  increase  of  weight  gained  by  the  chloride  of  cal- 
cium tubes  gives  the  amount  of  the  water,  and  the  difference  accordinglv 
that  of  the  carbonic  acid. 

b.  Separation  of  carbonic  acid  from  all  bases  without  exception. 

a.  Anhydrous  carbonates. 

The  carbonate  under  examination  is  weighed  in  a platinum  crucible,  and 
about  four  times  its  weight  of  fused  biborate  of  soda,  § 44,  8,  added, 
which  has  been  heated  ouce  more  just  previously  to  weighing.  The  mix- 
ture  is  weighed,  and  heat  is  then  applied  to  it,  which  is  gradually  in- 
creased  to  intense  ignition,  and  maintained  at  this  temperature  until  the 
contents  of  the  crucible  are  in  calm  fusion.  The  crucible  is  now  allowed 
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to  cool,  and,  when  cold,  weighed.  The  loss  of  weight  indicates  the  amount 
of  carbonic  acid  originally  present  in  the  ignited  compound.  The  results 
are  accurate  ( Schaff yottsch ) . 

ß.  Carbonates  readily  and  completely  decomposed  by  acids. 

aa.  Carbonates  whose  bases  form  soluble  salts  with  sulphuric  acid. 

The  process  is  conducted  in  the  apparatus  illustrated  by  Fig.  45. 

The  size  of  the  flasks  depends  upon 
the  capacity  of  the  balance  which  the 
operator  may  happen  to  possess.  The 
tube  a is  closed  at  b by  means  of  a small 
wax  stopper ; the  other  end  of  the  tube 
a is  open,  and  so  are  both  ends  of  c and 
d.  The  flask  b is  nearly  half  filled  with 
concentrated  sulphuric  acid ; the  tubes 
a,  c,  and  d must  fit  air-tight  in  the  per- 
forations  of  the  corks,  and  the  latter 
equally  so  in  the  mouths  of  a and  b.  A 
weighed  portion  of  the  carbonate  under 
examination  is  put  into  a ; this  flask  is 
then  filled  to  about  one-third  with  water, 
the  cork  inserted,  and  the  apparatus  placed  in  equilibrium  upon  the  balance. 

A few  bubbles  of  air  are  now  sucked  out  of  d,  by  means  of  a small 
suction  tube,  or  of  a perforated  cork.  This  serves  to  rarify  the  air  in  a 
also,  and  causes  the  sulphuric  acid  in  b to  ascend  in  the  tube  c.  The 
latter  is  watched  for  some  time,  to  ascertain  whether  the  column  of  sul- 
phuric acid  in  it  remains  stationary,  which  is  a proof  that  the  apparatus  is 
air-tight.  Air  is  then  again  sucked  out  of  d,  which  causes  a portion  of 
the  sulphuric  acid  to  flow  over  into  a.  The  carbonate  in  the  latter  flask  is 
decomposed  by  the  sulphuric  acid,  and  the  liberated  carbonic  acid,  com- 
pletely dried  in  its  passage  through  the  concentrated  sulphuric  acid  in  b, 
escapes  through  d.  When  the  evolution  of  the  gas  ceases,  a fresh  quan- 
tum  of  sulphuric  acid  is  made  to  pass  over  into  a by  renewed  suction 
through  d,  and  the  same  Operation  is  repeated  until  the  whole  of  the  car- 
bonate is  decomposed.  A more  vigorous  suction  is  now  applied,  to  make 
a larger  amount  of  sulphuric  acid  pass  over  into  a,  whereby  the  contents 
of  that  flask  are  considerably  heated  ; when  the  evolution  of  gas  bubbles 
has  completely  ceased,  the  wax-stopper  on  a is  slighty  opened,  and  suction 
applied  at  d until  the  air  sucked  out  tastes  no  longer  of  carbonic  acid. 

The  apparatus  is  allowed  to  cool  and  then  replaced  upon  the  balance, 
and  the  equilibrium  restored  by  additional  weiglits.  The  sum  of  the 
weights  so  added  indicates  the  amount  of  carbonic  acid  originally  present 
in  the  analysed  compound.  The  results  are  accurate. 

If  the  flasks  a and  b are  selected  of  a small  size,  the  apparatus  may  be 

r 2 


244 


CAKBONIC  ACID. 


v,nn  numij  ü.l_,iU.  [§  110* 

so  constructed  that,  togetlier  with  the  contents,  it  need  not  weigh  above 
eighty  grammes,  admitting  thus  of  being  weighed  on  a very  delicate 
balance.  I liave  not  as  yet  been  able  to  convince  myself  that  any  one  of 
the  many  proposed  modifications  of  this  apparatus  alfords  essential  ad- 
vantages. 

1 or  the  mode  of  proceeding  in  cases  where  the  carbonate  is  mixed  with 
a metallic  sulpliide  or  chloride,  I refer  to  Section  V. 

bb.  Carbonates  whose  bases  form  insoluble  salts  with  sulphuric  acid. 
lbe  analysis  of  such  carbonates  cannot  well  be  effected  by  the  method 
act,  as  the  insoluble  sulphate  formed  (sulphate  of  lime  for  instance)  pro- 
tects  the  yet  undecomposed  portion  of  the  carbonate  partially  from  decom- 
position.  The  apparatus  is  therefore  modified  as  sbown  in  Fig.  46. 

It  will  be  seen  from  the  engraving 
that  the  modification  consists  simply  in 
the  tube  a being  expanded  at  the  upper 
end  into  a bulb,  and  drawn  out  to  a fine 
point  at  the  lower  end. 

The  process  is  conducted  as  follows  : 
A weighed  portion  of  the  carbonate  is 
put  into  a,  which  flask  is  filled  to  about 
one-tbird  with  water.  The  bulb-tube  a 
contains  an  amount  of  dilute  nitric  acid, 
more  than  sufficient  for  the  decomposi- 
tion  of  the  carbonate,  and  which  is  pre- 
vented  from  flowing  through  the  narrow  aperture  of  this  tube  by  the  little 
wax  stopper  b.  The  point  of  this  tube  must  not  dip  into  the  water  in  a, 
but  simply  reach  to  its  surface.  The  apparatus,  having  been  put  in  equi- 
librium  on  the  balance*  the  tube  a is  carefully  and  cautiously  moved  down 
until  its  point  nearly  touches  the  bottom  of  a.  The  wax-stopper  b is  tlien 
slightly  and  momentarily  raised,  so  as  to  permit  a small  quantity  of  nitric 
acid  to  flow  out  of  tube  a ; and  the  same  Operation  is  repeated  until  the 
carbonate  is  completely  decomposed.  a is  tlien  placed  in  hot  water,  the 
wax-stopper  is  opened  a little,  and  suction  applied  to  the  tube  d,  until  the 
air  tastes  no  longer  of  carbonic  acid.  The  diminution  of  weiglit  is  ascer- 
tained  when  the  apparatus  is  completely  cooled. 

It  will  be  seen  at  a glance  that  a different  construction  may  also  be  given 
to  the  apparatus ; that,  for  instance,  the  tube  a may  be  connected  instead 
of  with  b,  with  a chloride  of  calcium  tube,  or  with  a tube  fitted  with 
pumice  stone  or  asbestos  moistened  with  sulphuric  acid  ; also  that  the 
substance  to  be  analysed  may  be  put  into  a small  tube,  which  is  kept  up- 
right  at  first,  but  is  subsequently,  after  weighing  the  apparatus,  upset 
into  the  dilute  acid  in  the  flask.  Such  modifications,  if  tliey  are  judi- 
cious,  do  not  alter  the  accuracy  of  the  results. 


Fig.  46. 
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Of  the  several  modifications,  the  one  proposed  by  Geissler  (Journ.  f. 
prakt.  Chemie,  60,  35),  and  of  which  Fig.  47,  gives  a representation,  is 
the  most  convenient. 

The  apparatus  consists  of  two 
parts,  a b and  c.  c is  ground  in- 
to  the  neck  of  a (a),  that  it  may 
close  air-tight,  and  yet  admit  of 
its  being  readily  removed,  for  the 
purpose  of  filling  and  emptying 
a.  b c is  a glass-tube,  open  at 
both  ends,  and  ground  water-tight 
into  c,  at  the  lower  end  (c)  ; it  is 
kept  in  the  proper  position  by 
means  of  the  moveable  cork,  i. 
The  illustration  shows  the  con- 
struction  of  the  apparatus  in  other 
respects.  The  cork  e must  close 
air-tight,  and  so  must  the  tube  d 
in  the  cork.  The  weighed  sub- 
stance  to  be  decomposed  is  put 
into  a,  water  added  to  the  extent 
indicated  in  the  engraving,  and 
the  substance  shaken  towards  the 
side  of  the  flask.  c is  now  fillcd 
nearly  to  the  top  with  dilute  nitric 
or  hydrochloric  acid,  with  the  aid 
4'r*  of  a pipette,  after  having  pre- 

viously  moved  the  cork  i upwards,  without  raising  b ; the  cork  is 
then  again  turned  down,  c inserted  into  a ; b filled  somewhat  more 
than  half  with  concentrated  sulphuric  acid,  and  b closed  at  the  top  with 
a little  wax  stopper.  After  weigliing  the  apparatus,  the  decomposition  is 
effected  by  opening  b a little,  and  thus  causing  acid  to  pass  from  c into 
a.  The  carbonic  acid  escapes  through  h into  the  sulphuric  acid,  where 
it  is  dried;  it  then  leaves  the  apparatus  through  d.  When  the  decom- 
position is  effected,  a is  gently  heated,  the  little  wax-stopper  on  b opened, 
and  the  carbonic  acid  still  remaining  in  the  apparatus  sucked  out  through 
by  means  of  a perforated  cork.  The  apparatus  is  then  finally  weighed 
when  cold. 

§ 111. 

9.  SILICIC  ACID. 

I.  Determination. 

The  direct  determination  of  silicic  acid  is  invariablv  effected  by  Convert- 
ing the  soluble  modification  of  the  acid  into  the  insoluble  modification. 
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which  is  effected  by  evaporating  to  dryness ; the  insoluble  modification 
is  then,  after  the  removal  of  all  foreign  matter,  ignited  and  weighed. 

For  the  guidance  of  the  Student  I have  liere  to  remark,  that  if  he 
wishes  to  guard  against  mistakes  he  ought  always  to  test  the  purity  of 
the  weighed  silicic  acid.  The  respective  methods  of  testing  will  be  found 
below. 

If  you  have  free  silicic  acid  in  the  state  of  hydrate,  in  an  aqueous  or 
acid  solution,  free  from  otlier  fixed  bodies,  you  need  simply  evaporate  the 
solution  in  a platinum  dish,  and  ignite  and  weigh  the  residue. 

II.  Separation  of  silicic  acid  from  the  bases. 

a.  In  all  compounds  which  are  decomposed  by  hydrochloric  or  nitric 
acid. 

To  this  dass  belong  the  silicates  soluble  in  water,  as  well  as  many  of 
the  insoluble  silicates,  as,  for  instance,  all  the  zeolites. 

The  compound  under  examination  is  most  finely  pulverised,  the  powder 
dried  at  a temperature  not  exceeding  212°,  and  put  into  a platinum  or  por- 
celain  dish,  (in  the  cases  of  silicates  wliose  solution  might  be  attended 
with  disengagment  of  chlorine,  platinum  must  be  avoided)  ; a little  water  is 
then  added,  and  the  powder  stirred  up  with  it  into  a uniform  paste. 
Moderately  concentrated  hydrochloric  acid,  or,  if  the  substance  contains 
lead  or  silver,  nitric  acid,  is  now  added,  and  the  mixture  digested  at  avery 
gentle  heat,  with  constant  stirring,  until  the  substance  is  completely 
decomposed,  in  other  terms,  until  the  glass  rod,  which  is  rounded  at  the 
end,  encounters  no  more  gritty  powder,  and  the  stirring  proceeds  smoothly 
and  without  the  least  grating  noise. 

The  silicates  of  this  dass  do  not  all  comport  themselves  in  the  same 
manner  in  this  process,  but  show  some  differences  ; thus  most  of  them 
form  a bulky  gelatinous  mass,  whilst,  in  the  case  of  others,  the  silicic 
acid  separates  as  a light,  pulverulen t precipitate  ; thus  again,  many  of 
them  are  decomposed  readily  and  rapidly,  whilst  others  require  protracted 
digestion. 

When  the  decomposition  is  effected,  the  mixture  is  evaporated  to  dryness 
on  the  water-bath,  and  the  residue  heated,  with  frequent  stirring,  until  all 
the  small  lumps  have  crumbled  to  pieces,  and  the  wliole  mass  is  thoroughly 
dry,  and  until  no  more  acid  vapors  escape.  It  is  always  the  safest  way 
to  conduct  the  Operation  of  drying  on  the  water-bath  in  cases  where  it 
may  appear  desirable  to  accelerate  the  desiccation  by  the  application  of 
a stronger  heat,  an  air-bath  may  be  had  recourse  to  ; which  may  be  con- 
structed  in  a simple  way,  by  suspending  the  dish  containing  the  substance 
by  wire  liooks  in  a somewhat  larger  dish  of  silver  or  iron,  in  a manner 
to  leave  everywliere  between  the  two  dishes  a little  free  space  of  uniform 
width.  Direct  heating  over  the  lamp  is  not  advisable,  as  in  the  most 
strongly  heated  parts  the  silicic  acid  is  liable  to  unite  again  with  the  sepa- 
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rated  bases  and  to  form  compounds  with  them,  wbich  are  not  decomposed, 
or  only  imperfectly  so,  by  hydrochloric  acid. 

When  tlie  mass  is  cold,  it  is  thoroughly  moistened  with  hydrochloric 
acid,  after  whicli  it  is  allowed  to  stand  for  half  an  hour,  without  hcating  ; 
it  is  then  diluted  with  hot  water,  stirred,  let  deposit,  and  the  fluid  decanted 
through  a Alter  ; the  sedimentary  silicic  acid  is  again  treated  with  hot 
water,  the  mixture  stirred,  allowed  to  deposit,  and  the  fluid  once  more 
decauted  ; the  precipitate  also  is  now  transferred  to  the  Alter,  thoroughly 
washed  with  hot  water,  well  dried,  and  at  last  strongly  ignited,  in  the 
manner  directed  in  § 35.  For  the  properties  of  the  residue  see  § 72,  9. 
The  results  are  accurate.  The  bases  whicli  are  as  Chlorides  in  tlie  filtrate, 
are  determined  respectively  by  the  appropriate  methods.  Deviations  from 
the  instructions  here  given  are  likely  to  entail  loss  of  substance  ; thus,  for 
instance,  if  the  mass  is  not  thoroughly  dried,  a somewhat  considerable 
portion  of  the  silicic  acid  passes  into  the  solution,  whereas,  in  cases 
where  the  instructions  are  strictly  complied  with,  only  traces  of  the  acid 
are  dissolved ; in  accurate  analyses,  however,  even  such  minute  traces 
must  not  be  neglected,  but  must  be  separated  from  the  bases  precipitated 
from  the  solution.  This  Separation  may  be  readily  effected  by  dissolv- 
ing  the  precipitated  bases,  after  the  processes  of  ignition  and  weighing, 
in  hydrochloric  or  sulpliuric  acid,  the  Operation  being  aided  by  the  ap- 
plication  of  heat : the  minute  portion  of  silicic  acid  whicli  has  passed 
into  the  solution,  and  has  beeil  thrown  down  with  the  bases,  is  left  be- 
hind.  Again,  if  the  silicic  acid  is  not  thoroughly  dried  previously  to 
ignition,  the  aqueous  vapour  disengaged  upon  the  rapid  applicatiou  of  a 
strong  heat,  may  carry  along  with  it  particles  of  the  light  and  loose 
silica. 

The  purity  of  the  silicic  acid  * is  tested  best  in  the  followring  way  : — 
heat  a moderately  concentrated  solution  of  pure  carbonate  of  soda  to  boil- 
ing,  in  a silver  or  platinum  dish,  or  in  a porcelain  disli,  and  add  a 
small  quantity,  of  the  silicic  acid.  If  it  dissolves  completely,  this  is 
a proof  of  its  purity  ; but  if  it  leaves  a residue,  the  remainder  of  the  silicic 
acid  must  be  weighed,  and  the  substance  whicli  it  contains  in  admixture 
must  be  determined  as  directed  in  b,  and  the  result,  of  course,  calculated 
upon  the  whole  amount  analysed.  If  you  happen  to  have  pure  hydro- 
fluoric  acid  at  hand,  you  may  also  test  the  purity  of  the  silicic  acid  in 
a very  easy  manner,  by  treating  it  with  this  acid  in  a platinum  dish ; upon 
the  evaporation  of  the  solution,  the  silicic  acid,  if  pure,  will  volatilise 
completely  (as  fluoride  of  Silicon).  If  there  remains  a residue,  this  is 
moistened  once  more  with  hydrofluoric  acid,  a few  drops  of  sulpliuric 
acid  are  added,  the  mixture  is  evaporated,  and  the  residue  ignited  : the 

* This  testing  is  indispensable,  more  especiallyin  cases  where  the  silicic  acid  has  separated, 
not  in  the  gelatinous  state,  but  in  the  pulverulent  form. 


SILICIC  A.CID. 


248 


.[§  Hl. 


residue  consists  of  the  sulphates  of  the  bases  which  tlie  silicic  acid  con- 
tains  in  adraixture. — ( Berzelius .) 

b.  Compounds  which  are  not  decomposed  by  hydrochloric  acid  or  nitric 
acid. 

a.  The  compound  is  fused  with  carbonate  of  soda,  or  carbonate  of  soda 
and  potassa  (see  § 22,  a).  The  red-hot  crucible  is  put  upon  a cold  iron 
plate,  which  will  cause  the  solidified  mass  to  come  off  readily.  The  mass 
is  then  dissolved  in  hydrochloric  or  nitric  acid,  and  the  solution  treated  as 
directed  in  II.  a.  This  method  is  the  one  most  commonly  employed. 
That  it  cannot  be  used  to  determine  alkalies  in  silicates  is  evident. 

ß.  The  finely-pulverised  silicate  is  mixed  in  a platinum  dish,  with  rather 
concentrated,  slightly  fuming  hydrofluoric  acid,  the  acid  being  added 
gradually,  and  the  mixture  stirred  with  a thick  platinum  wire.  The  mix- 
ture,  which  has  the  consistence  of  a thin  paste,  is  digested  some  time  on 
a water-bath,  and  pure  liydrated  sulphuric  acid,  diluted  with  an  equal 
quantity  of  water,  is  then  added  drop  by  drop,  in  more  tlian  sufficient 
quantity  to  convert  all  the  bases  present  into  sulphates.  The  mixture 
is  now  evaporated  on  the  water-bath  to  dryness,  during  which  Operation 
fluoride  of  Silicon  gas  and  hydrofluoric  acid  gas  are  continually  vola- 
tilising  ; a strong  heat  is  finally  applied,  with  proper  caution,  until  the 
excess  of  sulphuric  acid  added  is  completely  expelled.  The  mass,  when 
cold,  is  treated  with  concentrated  hydrochloric  acid,  and  allowed  to  stand 
at  rest  for  one  hour  ; water  is  then  added,  and  a gentle  heat  applied. 
If  the  decomposition  has  fully  succeeded,  the  whole  must  completely 
dissolve.  If  there  remains  a residue,  the  mixture  is  heated  to  gentle 
ebullition,  and  kept  some  time  in  that  state  ; it  is  then  allowed  to  deposit, 
the  clear  supernatant  fluid  is  decanted  off  as  far  as  practicable,  and 
the  residue  dried,  and  then  treated  again  with  hydrofluoric  acid  and 
sulphuric  acid,  and,  finally,  with  hydrochloric  acid,  which  will  effect 
complete  solution,  provided  the  analysed  substance  was  very  finely  pul- 
verised,  and  free  frorn  baryta,  strontia,  and  lead.  This  solution  is  added 
to  the  first.  The  bases  in  the  solution  (which  contains  them  as  sul- 
phates, and  contains  also  some  free  hydrochloric  acid),  are  determined 
by  the  methods  which  will  be  found  in  Section  V. 

This  method,  which  is  certainly  one  of  the  best  to  effect  the  decompo- 
sition of  silicates,  has  Berzelius  for  its  author.  It  has  been  but  little  used 
liitherto,  because  we  did  not  know  how  to  prepare  hydrofluoric  acid,  ex- 
cept  with  the  aid  of  a distilling  apparatus  of  platinum,  or,  at  least 
with  platinum  head ; nor  to  keep  it,  except  in  platinum  vessels.  This 
difliculty,  however,  would  appear  to  be  overcome  now,  since  Stüdeler 
(Annal.  d.  Chem.  und  Pharm.  87,  137)  has  made  the  discovery  that  gutta 
percha  and  vulcanised  india-rubber  resist  the  action  of  hydrofluoric  acid. 
Städeler  prepares  the  acid  in  a leaden  retort  having  the  sliape  of  a 
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digesting  glass,  with  the  neck  off.  The  retort  has  about  five  inches 
inner  diameter ; the  width  of  the  very  short  neck  is  one  and  three- 
quarter  inches.  A close  fitting  wide  leaden  tube  of  four  inches  length, 
is  put  into  the  mouth  of  the  neck,  which  is  niade  perfectly  even,  and 
smooth  inside ; the  upper  end  of  the  tube  is  a little  contracted,  so  that  it 
may  be  closed  with  a common  cork,  which  bears  a double  limbed  thin 
leaden  tube.  The  length  of  the  longer  limb  of  this  tube  is  six  inches; 
this  limb  is  connected  with  a tube  of  stout  vulcanised  india-rubber,  which 
opens  into  the  gutta-percha  flask  intended  to  receive  the  hydrofluoric  acid, 
but  barely  dips  into  the  water  in  the  receiver,  bv  which  precaution  the 
receding  of  the  acid  is  guarded  against.  Care  must  be  taken  to  keep  the 
receiver  properly  cooled.  The  gutta-percha  flasks,  in  which  the  acid  is 
kept,  have  the  form  of  common  bottles,  and  are  closed  with  gutta-percha 
stoppers.*  The  execution  of  the  method  requires  the  greatest  possible 
care  both  the  fluid  and  the  gaseous  hydrofluoric  acid  being  most  dangerous 
substances.  The  treatment  of  the  silicate  with  the  acid  and  the  evaporation 
must  be  conducted  in  the  open  air,  otherwise  the  Windows  and  all  glass 
vessels  and  glass  apparatus  will  be  greatly  injured.  As  the  silicic  acid  is 
in  this  method  simply  inferred  from  the  loss,  a combination  of  the  two 
methods,  a and  ß,  is  often  resorted  to. 

y.  Instead  of  the  hydrofluoric  acid  dissolved  in  water,  the  gaseous  acid 
also  may  be  used  to  effect  the  decomposition  of  silicates.  Brunner  (Pogg. 
Annal.  44,  134)  is  the  author  of  this  method,  which  is  very  often  em- 
ployed.  The  process  is  as  follows  : — Put  from  one  to  two  grammes  of 
the  silicate,  very  finely  pulverised,  in  the  thinnest  possible  layer,  into  a 
shallow  platinum  dish,  and  moisteu  tbe  powder  with  water  or  with  dilute 
sulphuric  acid ; put  the  dish  on  a leaden  tripod,  or  some  similar  con- 
trivance  made  of  the  same  metal,  into  a leaden  box,  which  may  have  a 
diameter  of  six  inches,  and  a height  of  six  inches,  and  in  which  you  have 
just  before  stirred  a layer  of  fluor-spar  in  powder,  one  half  inch  in  depth, 
into  paste,  with  concentrated  sulphuric  acid  ; in  this  latter  Operation,  be 
cautious  to  avoid  the  escaping  vapors;  the  mixing  of  the  pulverised  fluor- 
spar with  the  sulphuric  acid  is  effected  with  a long  glass  rod,  or  better 
still  with  a long  leaden  rod.  As  soon  as  you  have  put  the  small  dish, 
with  the  aid  of  a pair  of  pincers,  into  tbe  box,  cover  the  latter  with  the 
close-fitting  leaden  cover  belonging  to  it,  lute  the  joinings  with  gypsum 
paste,  and  put  the  box  in  a warm  place  for  from  six  to  eight  days.  If  you 
wish  to  accelerate  the  process,  you  must  not  lute  the  joinings  quite 
air-tight,  and  must  heat  the  apparatus  in  the  open  air  by  means  of  a 
small  spirit-lamp  ; in  this  manner  you  may  succeed  in  a few  hours  to 
effect  the  decomposition  of  from  one  to  two  grammes  of  the  pulverised 
silicate,  provided  the  powder  is  spread  in  a very  thin  layer,  or  is  stirred 


* These  flasks  may  be  procurcd  at  the  Gutta-percha  Works,  City  Road. 
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from  time  to  time,  which  latter  Operation  requires  caution.  If  the  decom- 
position  has  succeeded  well,  the  residue  in  the  platinum  dish  consists  of 
metallic  silico-fluorides  and  (if  you  have  used  sulphuric  acid  to  moisten 
the  powder  with)  sulphates.  Put  the  shallow  dish  now  into  a larger 
platinum  dish,  add,  drop  by  drop  pure  sulphuric  acid,  in  somewhat  more 
than  sufficient  quantity  to  elfect  the  conversion  of  the  bases  into  sulphates  ; 
evaporate  in  the  air-bath,  expel  finally  the  excess  of  hydrated  sulphuric 
acid  directly  over  the  lamp,  and  treat  the  residue  with  liydrochloric  acid 
and  water  in  the  manner  directed  in  ß.  The  decomposition  can  only  be 
regarded  complete  if  the  residue  is  entirely  dissolved. 

8.  Fuse  the  most  finely  pulverised  silicate  with  carbonate  of  baryta  or 
hydrate  of  baryta — see  § 22,  ß.  Treat  the  liydrochloric  acid  solution  ob- 
tained  as  directed  in  § 111.  II.  a.  In  the  solution  filtered  off  from  the 
silicic  acid,  determine  the  bases  by  the  methods  which  will  be  found  in 
Section  Y.  Test  the  purity  of  the  silicic  acid  obtained  as  directed  in  a : 
if  a residue  remains,  this  is  a proof  that  complete  decomposition  has  not 
been  effected.  These  methods,  which  were  formerly  often  employed  to 
determine  the  alkalies  in  silicates,  have  been  in  a measure  supplanted  by 
y,  since  this  latter  method  has  been  rendered  more  generally  applicable. 

Quite  reeently,  Deville*  has  called  attention  to  the  fact,  that  the  pro- 
portion  of  carbonate  of  baryta  usually  employed  to  effect  the  decomposi- 
tion of  silicates  (from  four  to  six  parts)  is  much  larger  than  necessary. 
He  States  that  one  part  of  orthoclase  fuses  with  as  little  as  0-8  parts  of 
carbonate  of  baryta,  at  a moderate  red  heat,  giving  a vitreous  transparent 
mass,  decomposable  by  acids.  He  adds,  that  if  carbonate  of  baryta  is 
used  in  larger  proportion,  a notable  amount  of  potassa  volatilises,  ex- 
pelled  by  the  agency  of  caustic  baryta  which  forms  in  the  process. 

€.  Deville*  States  also,  that  silicates  undecomposable  by  acids,  may  be 
decomposed  by  fusing  with  small  quantities  of  carbonate  of  lime  (from 
0‘3  to  08  of  carbonate  of  lime  to  one  part  of  the  silicate).  The  efficiency 
of  this  method  has  not  yet  been  sufficiently  proved  by  experiments  in  my 
own  laboratory,  to  justify  a detailed  description  of  the  process. 

SECOND  GROUP. 

HYDROCHLORIC  ACID HYDROBROMIC  ACID— HYDRIODIC  ACID — 

HYDROCYANIC  ACID HYDROSULPHURIC  ACID. 

§ 112. 

1.  HYDROCHLORIC  ACID. 

I.  Determination. 

a.  Hydrochloric  acid  is  almost  invariably  determined  as  chloride  of 
* Ann.  de  Chiiu.  et  de  Phys.  3.  Ser.  38,  5.  Or  Jonrn.  f.  prakt.  Chem.  60,  22. 
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silver.  Solution  of  nitrate  of  silver,  mixed  with  some  nitric  acid,  is  added 
in  excess,  to  the  solution  under  examination,  the  precipitated  Chloride 
is  made  to  subside  by  the  application  of  heat  and  shaking,  wasbed  by 
decantation,  dried  and  ignited.  The  details  of  the  process  liave  been  given 
in  § 91,  1,  a.  a.  Care  must  be  taken  not  to  heat  the  solution  mixed  with 
nitric  acid  before  the  solution  of  nitrate  of  silver  bas  been  added  in  excess. 
As  soon  as  the  latter  is  present  in  excess,  the  chloride  of  silver  separates 
immediately  and  completely  upon  shaking  the  vessel,  and  the  supernatant 
fluid  becomes  perfectly  clear  after  Standing  a short  time  in  a warm  place. 
The  det^rmination  of  hydrochloric  acid  by  means  of  silver  is  therefore 
more  readily  effected  tlian  that  of  silver  by  means  of  hydrochloric  acid. 
In  the  case  of  smaller  quantities  of  chloride  of  silver,  the  precipitate  is 
often  collected  on  a Alter  ; see  § 91,  1 . a.  ß.  Or  the  two  methods  may 
be  combined  in  this  way,  that  the  chief  portion  of  the  precipitate  is 
washed  by  decantation,  dried  in  the  porcelain  crucible,  and  ignited,  the 
decanted  fluid  being  afterwards  passed  through  a Alter,  to  make  quite  sure 
that  not  a particle  of  chloride  of  silver  lias  been  lost.  The  Alter  is,  after 
drying,  incinerated  on  a platinum  wire  over  the  inverted  cover  of  the  por- 
celain crucible,  the  ashes  are  treated  with  a few  drops  of  nitric  acid,  some 
hydrochloric  acid  is  added,  the  mixture  evaporated  to  dryness,  the  residue 
gently  ignited,  and  the  lid  replaced  in  the  proper  position  on  the  crucible 
in  which  the  chloride  has  been  heated  to  incipient  fusion  ; a gentle  heat 
is  then  once  more  applied,  after  which  the  crucible  is  allowed  to  cool  under 
a bell-glass  over  sulphuric  acid,  and  is  then  weighed. 

b.  If  you  have  to  determine  hydrochloric  acid  in  aqueous  solution,  no 
other  substances  being  present,  you  may  obtain  satisfactory  results  also  by 
evaporating  a weighed  portion  of  the  solution  with  ammonia  in  excess, 
drying  the  residue  on  a water-bath,  and  weighing  the  chloride  of  ammo- 
uium  obtained.  Compare  Experiment,  No.  14. 

c.  Hydrochloric  acid  may  also  be  accuratelv  determined  by  analysis  by 
measure. 

a.  A solution  of  silver  of  known  strength  is  added  as  long  as  a precipi- 
tate continues  to  form.  Compare  § 91,  5. 

Pelouze  has  used  this  method  for  the  determination  of  several  equivalent 
numbers.  Levol  has  proposed  a trifling  modiAcation,  which,  as  he  States, 
will  serve  to  indicate  more  readily  and  accurately  the  exact  point  of  com- 
plete  precipitation.  This  modiAcation  consists  in  the  addition  of  (hl 
volume  of  a saturated  solution  of  phosphate  of  soda  to  the  neutral  fluid. 
"When  the  whole  of  the  chlorine  has  been  precipitated  by  the  silver,  the 
addition  of  anothcr  drop  of  the  solution  of  silver  produces  a yellow  preci- 
pitate which  does  not  disappear  upon  shaking  the  vessel.  (Journ.  f. 
prakt.  Chem.  60,  384.) 

ß.  Liebiys  method  (Annal.  d.  Chem.  und  Pharm.  85,  297).  Rccom- 
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mended  more  particularly  for  the  determinatiou  of  the  chlorine  in  the 
Chlorides  contained  in  the  urine,  but  applicable  also  in  other  cases. 

aa.  Principle  of  the  method.  Nitrate  of  oxide  of  mercury  produces 
in  a solution  of  urea  immediately  a thick,  white  precipitate  ; Solu- 
tion of  chloride  of  mercury  produces  no  such  precipitate.  When 
a solution  of  nitrate  of  oxide  of  mercury  is  mixed  with  the  chloride 
of  an  alkali,  there  is  formed  chloride  of  mercury  and  nitrate  of  the 
alkali.  If,  therefore,  a solution  of  urea  is  mixed  with  chloride  of 
sodium,  and  a dilute  solution  of  nitrate  of  oxide  of  mercury  is 
dropped  into  it,  a white  turbidity  will  appear  in  the  point§  of  con- 
tact,  which,  however,  will  immediately  disappear  upon  shaking, 
as  long  as  the  nitrate  of  oxide  of  mercury  continues  to  decompose 
and  transpose  with  the  chloride  of  sodium  in  the  manner  just 
stated  ; but  the  moment  this  double  decomposition  is  complete, 
an  additional  drop  of  the  solution  of  the  salt  of  mercury  will 
produce  a permanent  white  turbidity.  Accordingly,  if  we  know 
the  measure  and  strength  of  the  solution  of  the  salt  of  mercury 
required  to  attain  this  point,  we  know  also  the  amount  of  chlorine 
in  the  solution  ; since  one  equivalent  of  mercury  in  the  mercurial 
solution  used  corresponds  to  one  equivalent  of  chlorine. 
bb.  Preparation  of  the  solution  of  nitrate  of  oxide  of  mercury . Take 
mercury  of  commerce  and  purify  it  as  perfectly  as  possible  (by 
Ulex’s  * method,  for  instance),  put  ten  grammes  of  the  purified 
mercury  into  a beaker-glass,  pour  over  it  50  grammes  of  nitric 
acid  of  T425  spec.  gravity,  and  heat  the  mixture  on  a water-bath, 
with  frequent  addition  of  a few  drops  of  nitric  acid,  until  no  more 
red  fumes  escape,  and  a drop  of  the  fluid  is  no  longer  made  turbid 
by  solution  of  chloride  of  sodium  ; evaporate  now  to  the  con- 
sistence  of  syrup,  and  dilute  with  water  to  550  cubic  centimeters. 
cc.  Determination  of  the  strength  of  the  solution.  This  is  effected 
with  the  aid  of  a solution  of  chloride  of  sodium  of  known  strength, 
which  Liebig  prepares  by  mixing  20  cubic  centimeters  of  a satu- 
rated'f  solution  of  pure  rock  salt,  or  chemically  pure  chloride  of 
sodium,  with  298’4  cubic  centimeters  of  water.  Every  cubic 
centimeter  of  this  solution  contains  20  milligrammes  of  chloride 
of  sodium. 


* Triturate  one  pound  of  mercury  with  a quarter  of  an  ounce  of  a solution  of  sesqui- 
chloride  of  iron  of  1'48  spec.  gravity  and  half  an  ounce  of  water,  for  ten  minutes  in  a mortar, 
and  digest  the  mixture  several  days,  with  occasional  shaking ; after  which  remove,  by  re- 
peated  washing  with  water,  the  solution  of  protochloride  of  iron  formed,  and  which  contains 
the  foreign  metals  which  the  mercury  held  in  admixture ; boil  the  mercury  now  with  hydro- 
chloric  acid,  wash  it  once  more  and  dry. 
t Saturated  at  the  common  temperature. 
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Of  this  solution  of  chloride  of  sodium  measure  off  1 0 cubic  cen- 
timeters  into  a small  beaker-glass,  and  add  3 c.  c.  of  a solution 
of  urea  containing  in  100  c.  c.  four  grammes  of  urea. 

Let  the  solution  of  mercury,  of  which  you  wish  to  ascertain  the 
strength,  drop  into  this  mixture,  from  a burette  or  from  a pipette, 
provided  with  a compression  stop-cock,  until  a perceptible  pre- 
cipitate  forms,  wlnch  Agitation  of  the  vessel  fails  to  dissolve 
again.  * 

dd.  When  you  have  in  this  way  ascertained  how  many  c.  c.  of  the 
mercurial  solution  correspond  to  the  10  c.  c.  of  the  solution  of 
common  salt  = 0*2  grm.  of  chloride  of  sodium,  you  may  use  the 
mercurial  solution  in  the  aualysis  hy  measure,  without  further  pre- 
paration,  if  you  do  not  mind  the  trouble  of  a little  calculation. 
But  if  you  wish  to  avoid  this,  you  must  previously  dilute  the  mer- 
curial solution  in  a manner  that  every  cubic  centimeter  corresponds 
to  an  integral  number  of  milligrammes  of  chloride  of  sodium  or 
chlorine.  Liebig  dilutes  it  to  the  extent  that  one  cubic  centimeter 
corresponds  to  O'OIO  grm.  of  chloride  of  sodium. 
ee.  If  the  test  fluid  is  intended  to  examine  Solutions  containing  a large 
amount  of  foreign  salts,  or  an  excess  of  urea,  the  10  c.  c.  of  the 
solution  of  the  chloride  of  sodium  must  he  mixed  with  5 c.  c.  of  a 
cold  saturated  solution  of  sulphate  of  sodaf  in  addition  to  the 
3 c.  c.  of  the  solution  of  urea,  before  the  mercurial  solution  is 
added.  The  results  are  accurate. 

II.  Separation  of  chlorine  from  the  metals. 
a.  In  soluble  chlorides. 

The  same  metliod  as  in  I.  a.  The  metals  in  the  filtrate  are  separated 
from  the  excess  of  the  salt  of  silver  added,  by  the  methods  which  will  be 
found  in  Section  Y. 

Bichloride  of  tin , chloride  of  mercury , the  chlorides  of  antimony,  and 
the  green  protochloride  of  chromium,  form  exceptions  from  the  rule,  and 
are  determined  respectively  by  the  following  methods  : — 

a.  From  solution  of  bichloride  of  tin  nitrate  of  silver  would  precipitate, 

* The  solution  of  chloride  of  sodium  and  urea  is  shaken  occasionally  during  the  addition 
of  the  mercurial  solution : a mere  opalescence  of  the  fluid  is  disregarded,  as  this  proceeds 
simply  from  a trace  of  foreign  metals,  which  is  readily  seen  from  the  circumstance  that  a 
further  addition  of  the  mercurial  solution  does  not  increase  the  turbidity. 

f The  reason  of  this  addition  is,  that  the  nitrate  of  oxide  of  mercury  and  urea  is  more 
readily  soluble  in  pure  water  than  in  saline  water ; to  attain  accurate  results,  therefore,  it  is 
necessary  the  solvent  power  of  the  fluids  should  be  as  nearly  as  possible  the  same  in  the  pre- 
liminary  determination  of  the  strength  of  the  mercurial  solution  as  in  the  subsequent  ana- 
lytical  process. 


254 


HYDROCHLORIC  ACID. 


[§  112. 


besides  chloride  of  silver,  a mixture  of  binoxide  of  tin  and  oxide  of 
silver.  To  precipitate  the  tin,  tlierefore,  the  solution  is  mixed  with  a con- 
centrated  solution  of  sulpbate  of  soda  or  nitrate  of  ammonia,  ailowed  to 
deposit,  the  fluid  decanted,  and  filtered  (compare  § 101.  b.,  1.  b.),  and  the 
chlorine  in  the  filtrate  precipitated  with  solution  of  silver.  Löwenthal, 
the  inventor  of  tliis  method,  has  proved  its  accuracy.  (Journ.  f.  pralct. 
Chem.  56,  371.) 

ß.  When  a solution  of  cliloride  of  mercury  is  precipitated  with  solution 
of  nitrate  of  silver,  the  chloride  of  silver  thrown  down  contains  an  ad- 
mixture  of  mercury.  The  mercury  is  tlierefore  thrown  down  frorn  a solu- 
tion of  the  chloride  by  sulphuretted  hydrogcn,  which  must  be  added  in 
sufficient  excess,  and  the  clilorine  in  the  filtrate  is  determined  as  directed 
in  § 137,  5. 

y.  The  chlorides  of  antimony  are  also  decomposed  in  the  manner  de- 
scribed  in  ß.  The  Separation  of  basic  salt  upon  the  addition  of  water 
may  be  avoided  by  addition  of  tartaric  acid. 

8.  Solution  of  silver  fails  to  precipitate  the  whole  of  the  chlorine  from 
solution  of  the  green  protochloride  of  chromium  ( Peligot ).  The  chromium 
is  therefore  first  precipitated  with  ammonia,  the  fluid  filtered,  and  the 
chlorine  in  the  filtrate  precipitated  as  directed  in  I.  a. 

b.  In  insoluble  chlorides. 

a.  Chlorides  soluble  in  nitric  acid. 

Dissolve  the  chloride  in  nitric  acid,  without  applying  heat,  and  proceed 
as  directed  in  I.  a. 

ß.  Chlorides  insoluble  in  nitric  acid  (chloride  of  lead,  chloride  of  silver, 
subchloride  of  mercury). 

aa.  Chloride  of  lead  and  chloride  of  silver  are  analysed  usually  by 
reducing  them  to  the  metallic  state,  by  means  of  hydrogen  gas  (see 
§ 91,  4,  and  § 92),  and  estimating  the  chlorine  from  the  loss. 
Chloride  of  silver  may  also  be  lieated  in  conjunction  with  three 
parts  of  carbonate  of  soda  and  potassa,  in  a porcelain  crucible, 
until  the  mass  commences  to  agglutinate.  Upon  treating  the 
mass  with  water,  the  metallic  silver  remains  undissolved ; the  so- 
lution contains  the  alkaline  chloride,  which  is  then  treated  as 
directed  in  I.  a. 

bb.  Subchloride  of  mercury  is  decomposed  by  digestion  with  solution 
of  soda  or  potassa.  The  hydrochloric  acid  in  the  filtrate  is  deter- 
mined as  in  II.  a.  The  suboxide  of  mercury  is  dissolved  in  nitro- 
hydrochloric  acid,  and  the  mercury  determined  as  directed  in  § 94. 

c.  The  soluble  chlorides  of  the  metals  of  the  fourth,  fifth , and  sixth 
groups  may  all  be  decomposed  also  by  sulphuretted  hydrogen  or,  as  the 
case  may  be,  sulphide  of  ammonium.  The  hydrochloric  acid  in  the  filtrate 
is  determined  as  directed  in  § 137,  5. 
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d.  In  many  metallic  Chlorides,  for  instance,  in  those  of  the  first  and 
second  groups,  the  chlorine  may  he  determined  also  by  evaporating  the 
base  with  sulphuric  acid,  converting  it  thus  into  a sulphate,  which  is  then 
ignited  and  weighed ; the  chlorine  is  calculated  from  the  loss.  Tliis 
method  is  not  applicable  in  the  case  of  chloride  of  silver  and  cliloride  of 
lead,  which  are  only  iraperfectly  and  with  difficulty  decomposed  by  sul- 
phuric acid  ; nor  in  the  case  of  chloride  of  mercury  and  bichloride  of  tin, 
which  sulphuric  acid  fails  altogether,  or  nearly  so,  to  decompose. 

Appendix  : — Determination  of  chlorine  in  the  free  state. 

The  determination  of  chlorine  in  the  free  state,  which  was  formerly 
a somewhat  difficult  task,  is  now  comparatively  easy. 

The  chlorine — either  in  the  gaseous  form  or  in  aqueous  solution — is 
mixed  with  an  excess  of  solution  of  iodide  of  potassium  in  water.  (Com- 
pare  § 104,  d.  ß .)  Every  equivalent  of  clilorine  liberates  one  equivalent 
of  iodine.  By  determining  this  iodine  by  Bimsen’ s method  (see  § 114), 
we  also  accurately  learn  the  quantity  of  the  chlorine. 

In  fluids  containing  with  free  chlorine  also  hydrochloric  acid,  or  a 
metallic  chloride,  the  chlorine  existing  in  a state  of  combination  may  he 
determined  in  presence  of  the  free  chlorine,  in  the  following  way  : — A 
weighed  portion  of  the  fluid  is  mixed  with  ammonia  in  excess  ; uitrogen 
escapes,  and  the  solution  contains  the  whole  of  the  free  chlorine  as  chloride 
of  ammonium  (3C1  + 4NH3  = N+3[NH4C1]  ).  By  precipitating  now 
with  solution  of  silver,  we  learn  the  total  amount  of  the  chlorine.  The 
quantity  of  the  free  clilorine  is  now  determined  in  another  weighed  por- 
tion, by  means  of  iodide  of  potassium ; the  difference  gives  the  amount 
of  chlorine  which  the  analysed  fluid  contained  in  a state  of  combination. 

Free  clilorine  may  also  he  determined  by  the  methods  which  will  he 
found  in  the  special  part  of  this  work,  under  the  liead  of  Chlorimetry. 

Having  thus  seen  in  how  simple  a manner  the  quantity  of  free  clilorine 
may  be  determined  by  Bunsen’ s method,  it  will  be  readily  understood  that 
all  oxides  and  peroxides  which  evolve  clilorine  when  heated  with  hydro- 
chloric acid,  may  be  analysed  by  lieating  them  with  concentrated  hydro- 
chloric acid,  and  determining  the  amount  of  chlorine  evolved.  The  pro- 
cess  is  conducted  the  same  way  as  with  chromic  acid.  (§  104,  d.  ß.) 


§ 113. 

2.  HYDROBROMIC  ACID. 

I.  Determination. 

a.  Free  liydrobromic  acid  is  precipitated  from  its  solution  with  nitrate 
of  silver,  and  the  further  process  conducted  as  in  the  case  of  clilorine 
(§  112).  For  the  properties  of  bromide  of  silver,  see  § 73,  2.  The 
results  are  perfectly  accurate. 
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b.  Heine' s colorimetrical method*  The  bromine  is  liberated  by  means  of 
chlorine,  and  received  in  ether ; the  solution  is  compared  in  respect  to  color 
with  an  ethereal  solution  of  bromine  of  known  strength,  and  the  quantity 
of  bromine  contained  in  it  thus  ascertained.  Fehling  obtained  satisfactory 
results  by  this  method.  It  will  at  once  be  seen  that  the  amount  of  bro- 
mine contained  in  the  fluid  to  be  analyzed  must  be  known  in  some  mea- 
sure,  before  this  method  can  be  resorted  to.  As  the  mothcr  liquor  examined 
by  Fehling  could  contain  at  the  most  0‘02  grm.  of  bromine,  he  prepared 
ten  different  test  fluids,  by  adding  to  ten  several  portions  of  60  grammes 
each  of  a saturated  solution  of  common  salt,  increasing  quantities  of  bro- 
mide  of  potassium  (containing  respectively  from  0'002  grm.  to  0’020  grm. 
of  bromine).  He  added  an  equal  volume  of  ether  to  the  test  fluids,  and 
then  chlorine  water,  until  there  was  no  further  change  observed  in  the 
color  of  the  ether.  It  being  of  the  highest  importance  to  hit  this  exact 
point,  Fehling  prepared  three  samples  of  each  test  fluid,  and  then  chose 
the  darkest  of  them  for  the  comparison.  Sixty  grammes  are  now  takenf 
of  the  mother  liquor  to  be  examined,  the  same  volume  of  ether  added  as 
was  added  to  the  test  fluids,  and  then  chlorine  water.  Every  experiment 
is  repeated  several  times.  Direct  solar  light  must  be  avoided,  and  the 
Operation  conducted  with  despatch. 

c.  Figuier's  colorimetrical  method  (Annal.  de  Chim.  et  de  Phys.  33, 
303,  and  Journ.  f.  prakt.  Chem.  54,  293)  also  proposed  as  a useful  me- 
thod to  effect  the  determination  of  bromine  in  mother  liquors,  &c. 

This  method  is  based  upon  the  circumstance  that  one  equivalent  of 
chlorine  (added  in  the  form  of  chlorine  water),  liberates  from  a solution 
of  a metallic  bromide  one  equivalent  of  bromine,  and  that  bromine  im- 
parts  a yellow  color  to  an  aqueous  solution,  and  escapes  readily  upon  boil- 
ing,  the  yellow  tint  of  the  solution  disappearing  again  with  the  escape 
of  the  bromine. 

To  carry  this  method  into  effect,  the  strength  of  the  chlorine  water  is 
determined  in  the  moment  of  its  application,  by  making  it  act  upon  a 
solution  of  known  strength  of  bromide  of  sodium,  acidulated  with  a few 
drops  of  hydrochloric  acid  (or  by  Funsen' s method,  § 1 1 2,  Appendix), 
and  then  applied  to  the  mother  liquor.  The  latter  is  lieated  in  a flask 
to  near  ebullition,  chlorine  water  is  then  added  from  a burette  covered 
with  black  paper,  and  the  mixture  heated  for  about  three  minutes,  where- 
upon  the  yellow  tint  imparted  to  the  fluid  by  the  addition  of  the  chlorine 
water,  will  disappear  again  ; the  mixture  is  now  allowed  to  cool  for  two 
minutes,  after  which  some  more  chlorine  water  is  dropped  into  it,  heat 
again  applied,  and  the  same  process  repeated  until  further  addition  of 

* Journ.  f.  prakt.  Chem.  36,  184,  proposed  as  a useful  method  to  effect  the  determination 

of  bromine  in  mother  liquors. 

■j*  The  best  way  is  to  take  them  by  measure. 
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chloriue  water  fails  to  impart  a color  to  the  fluid.  Should  the  experiment 
last  several  hours,  the  strength  of  the  chlorine  water  must  be  determined 
once  more  at  the  end  of  the  process,  and  the  calculation  of  the  results 
based  upon  the  mean  of  the  two  experiments.  Alkaline  fluids  must  be 
slightly  acidulated  with  hydrochloric  acid.  Protoxide  of  iron,  protoxide 
of  manganese,  iodine,  and  organic  matter  must  not  be  present.  Mother 
liquors  colored  yellow  by  the  latter,  are  decolorised  by  acidulating  them, 
adding  a few  drops  of  bromine,  and  heating.  Larger  quantities  of 
organic  matter  must  be  destroyed  by  ignition.  In  the  evaporation  of  the 
Solutions  to  dryness,  carbonate  of  soda  must  be  added,  since  chloride  and 
bromide  of  magnesium  upon  evaporation  to  dryness  evolve  hydrochloric 
and  hydrobromic  acids. 

II.  Separation  of  bromine  from  the  metals. 

The  metallic  bromides  are  analysed  exactly  like  the  corresponding 
Chlorides  (§  112,  II.  a.  to  d .,  the  whole  of  these  metliods  being  appli- 
cable to  bromides  as  well  as  Chlorides.  In  the  decomposition  of  bromides 
by  sulphuric  acid  (§112,  II.  d .)  porcelain  crucibles  must  be  used  instead 
of  platinum  ones,  as  the  liberated  bromine  would  injuriously  affect  the 
latter. 

Appendix  : Determination  of  free  bromine. 

Free  bromine  in  aqueous  solution,  or  evolved  in  the  gaseous  form,  is 
determined  in  the  same  way  as  free  chlorine  (see  § 112,  Appendix). 

The  determination  of  free  bromine  in  the  presence  of  hydrobromic  acid, 
or  a metallic  bromide,  is  also  effected  in  the  raanner  described  in  that 
paragraph  (Appendix).  The  addition  of  ammonia  to  the  bromine  re- 
quires  caution.  If  bromine  in  solution  is  to  be  converted  by  ammonia 
into  bromide  of  ammonium,  the  solution  is  poured  into  a capacious  flask, 
a tolerably  large  quantity  of  water  added,  and  then  the  ammonia  through 
a funnel  tube.  The  nitrogen  gas  escaping  is  transmitted  by  means  of 
a bent  tube,  through  dilute  ammonia ; the  two  fluids  are  then  mixed 
together,  and  the  remaining  part  of  the  process  is  conducted  as  directed 
in  § 1 12,  Appendix.  By  this  means  all  loss  is  safelv  guarded  against. 


§ 114. 

3.  HYDRIODIC  ACID. 

I.  Determination. 

a.  If  you  have  hydriodic  acid  in  solution,  precipitate  it  with  nitrate  of 
silver,  and  proceed  exactly  as  with  hydrochloric  acid  (§  112).  For  the 
properties  of  iodide  of  silver,  see  § 73,  3.  The  results  are  perfectly 
accurate. 

b.  The  following  method,  recommended  first  by  Lassaigne,  is  resorted 
to  almost  exclusively  to  effect  the  Separation  of  hydriodic  acid  from  hydro- 
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cliloric  and  hydrobromic  acids,  for  which  purpose  it  is  well  adapted. 
Acidulate  tbe  solution  slightly  vvith  hydrochloric  acid,  and  add  a Solu- 
tion of  protochloride  of  palladiurn,  as  long  as  a precipitate  continues 
to  form ; let  tlxe  mixture  stand  from  twenty-four  to  forty-eight  liours  in 
a warm  place,  filter  tbe  russet  black  precipitate  off  on  a weighed  filter, 
wash  with  warm  water,  and  dry  it  at  a temperature  from  about  158°  to 
1 76°  until  tbe  weigbt  of  the  precipitate  remains  constant.  The  drying  may 
be  greatly  facilitated  by  replacing  the  water  (after  the  Operation  of  washing) 
by  some  alcohol,  and  the  latter  fluid  again  by  a little  ether.  The  best 
way,  however,  is  to  dry  the  precipitate  in  vacuo  over  a vessel  containing 
sulphuric  acid.  For  the  properties  of  the  precipitate,  see  § 73,  3.  This 
method  gives  very  accurate  results,  provided  the  drying  be  managed  with 
proper  care,  but  if  the  temperature  is  raised  to  near  212°,  the  precipitate 
will  smell  of  iodine,  and  a trifling  loss  will  be  incurred. 

Instead  of  simply  drying  tbe  protiodide  of  palladiurn,  and  weigbing  it 
in  that  form,  you  may  also  ignite  it  in  a crucible  of  porcelain  or  platinum,  * 
and  calculate  the  iodine  from  the  residuary  metallic  palladiurn  (//.  Rose). 
In  addition  to  these,  the  following  methods  have  been  lately  proposed  : 
Upon  the  circumstance  that  protochloride  of  palladiurn  throws  down  the 
iodine  from  Solutions  of  iodides, 

c.  Kersting j*  has  founded  a method  of  determining  iodine  by  analysis 
by  measure.  This  method  requires, 

a.  A solution  of  pure  iodide  of  potassium,  containing  exactly  one  part  of 
iodine  in  1000  parts  of  fluid.  This  is  prepared  by  dissolving  1*308  grm. 
of  ignited  iodide  of  potassium  in  water,  and  diluting  the  solution  to  one 
litre  of  fluid. 

ß.  An  acid  solution  of  protochloride  of  palladiurn,  containing  exactly 
one  part  of  palladiurn  in  2370  parts  of  fluid.  This  is  prepared  by  dis- 
solving one  part  of  palladiurn  in  nitrohydrochloric  acid,  with  application 
of  heat,  evaporating  the  solution  to  drvness  at  212°  adding  50  parts  of 
concentrated  hydrochloric  acid  and  2000  parts  of  water,  and  allowing 
to  deposit.  The  exact  strength  of  the  clear  solution  is  then  ascertained 
by  means  of  the  solution  of  iodide  of  potassium,  in  the  manner  described 
in  the  performance  of  the  analytical  process. 

y.  The  solution  of  the  iodide  to  he  examined. — Dissolve  the  iodide,  if 
possible,  in  water,  and  determine  the  amount  of  iodine  in  it  approximately, 
in  the  manner  described  in  the  performances  of  the  analytical  process ; 
dilute  the  rest  of  the  solution  now  to  a point  that  it  may  contain  in  about 
1000  parts  one  part  of  iodine,  and  then  determine  the  amount  of  iodine 
in  it  accurately  by  the  same  method. 

Should  the  iodide  be  insoluble  in  water,  or  not  well  adapted  for  innne- 

* This  material  is  not  injured  hy  the  Operation, 
f Annal.  der  Chem.  nnd  Pharm.  87,  25. 
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diate  solution,  on  account  of  foreigu  admixtures,  distil  it  with  concen- 
trated  sulphuric  acid,  in  a retort  with  neck  directed  upwards,  and  con- 
tinue  the  application  of  lieat  until  fumes  of  hydrate  of  sulphuric  acid 
begin  to  be  evolved.  Take  care  to  addat  first  from  20  to  100  c.  c.  of 
fluid,  20  c.  c.  of  sulphuric  acid  (free  from  iodine).  Should  the  distillate 
contain  free  iodine  with  hydriodic  acid,  add  one  or  two  drops  of  tliin 
starch-paste,*  and  after  this  aqueous  solution  of  sulphurous  acid,  until 
the  blue  coloraion  is  just  disappearing.  If  the  distillate  contains  sul- 
phurous acid  (as  is  the  case,  for  instance,  when  urine  containing  iodine  is 
distilled  with  sulphuric  acid),  add  one  or  two  drops  of  starch-paste,  and 
then  cautiously,  solution  of  chloride  of  lime  until  the  fluid  just  begins 
to  show  a blue  tint,  and  dispel  the  blue  coloration  again  by  adding  one  or 
two  drops  of  a weak  aqueous  solution  of  sulphurous  acid.  If  the  solution 
contains  a very  large  amount  of  free  acids,  neutralise  the  latter  partly  with 
solution  of  soda. 

Performance  of  the  analytical  process. 

Pour  10  c.  c.  of  the  solution  of  protochloride  of  palladium  into  a 
white  glass  flask,  of  from  100  to  200  c.  c.  capacity,  dilute  slightly  with 
water,  put  the  cork  in  lightly,  and  place  the  flask  in  a water-bath 
of  from  140°  to  212.  Add  now  some  solution  of  iodide  of  potassium 
from  the  hurette,  shake,  and  heat  a few  seconds.  When  the  fluid  has 
cleared,  which  does  not  take  long,  pour  some  of  it  into  two  test  tubes 
sufficient  to  fill  them  respectively  to  the  height  of  two  inches.  By  drop- 
ping  some  more  solution  of  iodide  of  potassium  into  the  one,  and  then 
comparing  it  witli  the  other,  you  can  readily  see  whether  or  not  the  iodide 
of  potassium  continues  to  produce  a brown  coloration  in  the  fluid.  Add 
now  some  more  of  the  solution  of  iodide  of  potassium  to  the  fluid  in  the 
flask,  return  to  it  also  the  sample  from  the  test  tubes,  shake  the  flask, 
heat  a few  seconds,  let  the  fluid  clear,  test  it  again  in  the  way  just  now 
described,  and  repeat  the  same  process  until  further  addition  of  iodide  of 
potassium  ceases  to  produce  a coloration  in  the  fluid.  Now  Alter  off  a 
sample  of  the  fluid,  and  test  it  both  with  protochloride  of  palladium  and 
iodide  of  potassium ; if  neither  produce  a perceptible  brown  coloration, 
the  experiment  is  at  an  end.  It  will  be  readily  understood  that  should 
too  much  iodide  of  potassium  have  been  added,  this  error  must  be  rectified 
by  a further  addition  of  1 c.  c.  of  solution  of  palladium. 

The  preliminary  determination  of  the  exact  strength  of  the  palladium 
solution  is  effected  exactly  in  the  same  manner.  Every  100  c.  c.  used  of 
the  solution  of  iodide  of  potassium  (containing  0*100  of  iodine)  corre- 
spond  to  0*042  grm.  of  palladium. 

According  to  Kersting' s experiments,  the  following  bodies  have  no 

* Kersting  prepares  this  by  boiling  one  part  of  starch  and  01  part  of  sulphuric  acid  in 
twenty-four  parts  of  waters. 
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adverse  influence  on  the  method ; dilute  hydrochloric  acid,  sulpliuric  acid, 
phosphoric  acid,  nitric  acid,  acetic  acid,  and  the  neutral  salts  of  these  acids, 
with  potassa,  soda,  and  ammonia  ; also  chloride  of  calcium,  and  chloride 
of  zinc  ; acetate  of  lead  ; sugar  ; uric  acid,  and  the  distillate  of  urine  with 
sulpliuric  acid ; alcohol,  and  ether  ; starch-paste  ; oil  of  lemon  ; also  bro- 
mide  of  sodium,  in  presence  of  free  acetic  acid.  The  following  bodies 
exercise  an  adverse  influence  on  the  process  : bromide  of  sodium,  in  pre- 
sence of  free  mineral  acids,  more  especially  upon  heating ; free  alkalies  ; 
free  chlorine,  bromine,  iodine,  cyanogen  ; a large  quantity  of  nitric  acid, 
at  a high  temperature ; sulphurous  acid.  These  substances  dissolve 
iodide  of  palladium,  and  prevent,  consequently,  the  precipitation. 

This  method  of  Kersting' 's  lias  beeil  tested  in  my  own  laboratory,  and 
found  to  give  very  accurate  results, 

d.  Besides  the  method  c.,  Kersting  has  recommended  also  another  and 
apparently  still  more  convenient  method  of  determining  the  iodine  in 
iodides  by  analysis  by  measure  (Annal.  der  Chem.  und  Pharm.  87,  29). 
This  method,  however,  is  less  generally  applicable  than  c.,  the  accuracy  of 
its  results  being  impaired  by  the  presence  of  metallic  Chlorides  and  bro- 
mides,  and  free  mineral  acids ; acetic  acid,  and  the  acetate s also  have  an 
adverse  influence.  The  method  is  founded  upon  the  circumstance  that, 
when  chloride  of  mercury  is  added  to  the  solution  of  a metallic  iodide, 
tinged  blue  by  addition  of  some  starch-paste  and  bromine  water,  the  deco- 
loration  of  the  iodide  of  starcli  ensues  only  upon  the  termination  of  the 
decomposition  of  the  iodide.  If  the  solution  of  the  iodide  is  so  lnghly 
dilute  that  it  contains  only  one  part  of  iodine  in  10000  parts  of  fluid,  the 
iodide  of  mercury  formed  remains  in  solution,  and  the  decoloration  of  the 
iodide  of  starch  may  then  be  watched  and  ascertained  with  the  greatest 
precision  in  the  clear  fluid.  For  the  details  of  the  process  I refer  to  the 
original  paper  in  the  Annal.  der  Chem.  und  Pharm.  87,  29.  Upon  the 
same  principle  may  also  be  founded  a method  of  determining  mercury  by 
analysis  by  measure. 

e.  Penny * has  proposed  to  determine  the  iodine  in  iodides,  by  analysis 
bv  measure,  by  means  of  bichromate  of  potassa  3 KI -(-KO,  2Cr03  + 
7 HCl=I3-f4  KCl + Cr 2 Cl3  + 7 HO. 

One  equi valent  of  KO,  2Cr03  corresponds  accordingly  to  tliree  equivalents 
of  iodine,  or  in  other  terms,  0-3906  grm.  of  bichromate  of  potassa  cor- 
responds to  l’OO  grm.  of  iodine.  According  to  Penny  no  other  decompo- 
sition takes  place  than  the  one  given  here,  if  application  of  heat  is  avoided. 
The  process  is  conducted  as  follows  : mix  a solution  of  0-3906  grm.  of 
bichromate  of  potassa  in  15  c.  c.  of  water  (or  a measured  off  portion  of 
solution  of  bichromate  of  potassa  containing  0-3906  grm.  of  bichromate), 
with  6 c.  c.  of  hydrochloric  acid  in  the  cold.  On  the  other  liand,  dis- 
* Chem.  Graz.  1852,  392,  Joum.  f.  prakt.  Chem.  58,  143. 
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solve  a sufficient  weighed  quantity  of  the  iodide  in  50  c.  c.=  10ü  ot 
water.  Add  this  latter  solution  to  tlie  former  until  a sample  of  the  mix- 
ture  produces  no  longer  a red  coloration  in  a fresh  prepared  solution  ot 
protochloride  of  iron  mixed  with  sulpho-cyanide  of  potassium.  It  need 
hardly  be  remarked  here,  that  the  method  is  inapplicable,  or,  at  all  events, 
not  directly  applicable,  in  cases  where  the  solution  of  the  iodide  contains 
other  bodies  exercising  a reducing  action  upon  chromic  acid. 

Monde' s methods  of  separating  iodine,  will  be  found  in  § 137,  2. 

II.  Separation  of  iodine  from  the  metals. 

The  metallic  iodides  are  analysed  like  the  correspond ing  metallic  Chlo- 
rides. If  you  liave  to  deal  with  iodides  of  the  alkalies  containing  free 
alkali,  and  you  wish  to  precipitate  the  iodine  as  iodide  of  silver,  you  must 
first  saturate  the  free  alkali  almost  completely  with  riitric  acid,  then  add 
solution  of  nitrate  of  silver  in  excess,  and  finally  nitric  acid  to  strongly 
acid  reaction.  Were  you  to  add  the  acid  in  excess  at  the  beginning, 
free  iodine  might  separate  wliich  is  not  converted  completely  into  iodide 
of  silver  by  the  solution  of  nitrate  of  silver. 

With  respect  to  the  salts  insoluble  in  water,  I have  to  observe  that 
many  of  them  are  more  advantageously  decomposed  by  boiling  with 
potassa,  than  by  solution  in  dilute  nitric  acid,  the  latter  process  being  apt 
to  be  atteuded  with  Separation  of  iodine.  This  applies  more  particularly 
to  protiodide  of  palladium,  and  to  subiodide  of  copper,  and  subiodide  of 
mercury.  From  iodides  soluble  in  water  the  iodine  may  also  be  preci- 
pitated  as  protiodide  of  palladium. 

Appendix  : — Determination  of  free  iodine. 

Bunseri’s  method. 

a.  Principle  of  the  method.  The  theory  of  this  simple,  beautiful,  and 
accurate  method,  upon  which  a number  of  analytical  processes  are  founded, 
is  as  follows  : 

a.  Iodine  and  sulphurous  acid,  in  presence  of  water,  form  hydriodic 
acid  and  sulphuric  acid  (I  + HO-(- Sü2  = HI-|-S03)  ; but,  on  the  other 
hand,  sulphuric  acid  and  hydriodic  acid  are  decomposed  again  into  iodine, 
sulphurous  acid,  and  water  (HI  + S03  = I-|-II0-f-S02).  Which  of  these 
two  reactions  will  ensue  or  predominate,  depends  upon  the  relative  degrees 
of  concentration  of  the  solution.  Now,  Bunsen  has  ascertained,  by  accu- 
rate experiments  that,  when  iodine  is  brought  into  contact  with  an  aqueous 
solution  of  sulphurous  acid  containing  no  more  than  from  004  to  0*05 
per  cent  by  weight  of  anhydrous  acid,  the  first  reaction  alone  ensues  ; 
under  these  circumstances,  therefore,  one  equivalent  of  iodine  converts  one 
equivalent  of  sulphurous  acid  into  sulphuric  acid. 

ß.  If  therefore  an  unknown  quantity  of  iodine,  dissolved  in  iodide  of 
potassium,  is  mixed  with  an  excess  of  such  highly  dilute  sulphurous  acid 
of  known  strength,  and  the  amount  of  the  sulphurous  acid  remaining  in 
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tliat  form  is  then  determined,  the  difference  shows  at  once  the  amount 
converted  into  sulphuric  acid,  and  hence  also  the  amount  of  the  iodine. 

y.  The  strength  of  the  dilute  solution  of  sulphurous  acid  is  determined 
by  ascertaining  how  much  of  a solution  of  iodine  of  known  strength  is 
required  to  convert  the  sulphurous  acid  in  it  into  sulphuric  acid. 

b.  Requisites  for  the  process. — It  results  from  a that  the  following 
fluids  are  required  for  the  analytical  process. 

a.  A solution  of  iodine  of  known  strength. — This  is  prepared  by  dis- 
solving  5 grammes  of  the  purest  possible  iodine — dried  for  some  time 
under  a bell  glass  over  sulphuric  acid  or  chloride  of  calcium — with  the 
aid  of  a concentrated  solution  of  pure  iodide  of  potassium,*  in  a measuring 
flask  holding  one  litre,  adding  water  up  to  the  litre  mark,  and  shaking  the 
flask  until  perfect  intermixture  has  taken  place.  As  1000  c.  c.  of  this 
solution  contains  accordingly  5 grammes  of  iodine,  every  one  c.  c.  con- 
tains  0-005  grm.  and  every  one  degree  of  the  burette  (=£  c.  c.)  0’0025 
grm.  of  iodine.  But  as  iodine  is  mostly  contaminated  with  traces  of  chlo- 
rine, which  latter  agent  acts  upon  sulphurous  acid  the  same  way  as  iodine, 
but  has  another  equivalent,  the  solution  of  iodine  must  be  tested  still  to 
ascertain  to  how  much  absolutely  pure  iodine  one  degree  of  the  burette 
corresponds  in  its  action  upon  sulphurous  acid. 

This  examination  will  be  found  in  c.  ß. 

ß.  A solution  of  sulphurous  acid. — Saturate  water  completely  with  sul- 
phurous acid  at  the  common  temperature,  pour  the  solution  into  bottles, 
stop  the  latter  tight,  and  place  them  inverted  in  water.  Of  this  satu- 
rated  solution  add  from  35  to  40  c.  c.  to  5000  c.  c.  of  water. 

y.  A solution  of  iodide  of  potassium. — Dissolve  one  part  by  weight  of 
pure  iodide  of  potassium  (free  from  iodic  acid)  in  about  ten  parts  by 
weight  of  water.  The  solution  must  show  no  brown  tint,  neither  upon 
standing  in  the  air,  nor  immediately  after  addition  of  hydrochloric  acid. 

8.  Starch-paste. — This  should  be  prepared  fresh  for  every  new  experi- 
ment ; it  must  be  very  thin,  and  almost  perfectly  clear. 

c.  Preliminary  tests. 

a.  Determination  of  the  relative  proportion  between  the  solution  of 
iodine  and  the  solution  of  sulphurous  acid. 

Measure  olf  accurately,  in  a measuring  flask  or  cylinder,  or  by  means  of  a 
pipette,  100  c.  c.  of  the  dilute  solution  of  sulphurous  acid,  and  transfer  from 
the  measuring  vessel  to  a flask,  rinsing  after  or  not,  according  to  wliether 
the  measuring  vessel  used  belongs  to  the  System  e.  or  to  the  system  a.  (see 
§ 12,  4),  i.e.  whether  it  is  regulated  simply  to  hold,  or  actually  to  give  the 
number  of  cubic  centimeters  marked  on  it.  Add  from  three  to  four  c.  c. 
starch-paste,  and  then  of  the  solution  of  iodine  from  a burette,  until  a per- 

* This  solution  must  be  colorless,  und  must  show  no  brown  tinge,  not  even  immediately 
after  addition  of  acid. 
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sistent  blue  coloration  appear  ; the  flask  must  be  shaken  after  every  fresh 
addition  of  the  solution  of  iodine. 

Let  us  suppose  we  have  found  in  tbis  way,  the  proportion  of  our  solu- 
tion to  be  : 100  c.  c.  = 200  of  the  dilute  sulphurous  acid  to  54°  of  the 
solution  of  iodine  ; in  other  words,  that  54°  of  the  solution  of  iodine  cor- 
respond  to  200°  of  the  dilute  sulphurous  acid. 

As  sulphurous  acid  suffers  alteration  from  the  oxidising  action  of  the 
air,  this  preliminary  determination  must  be  repeated  before  every  new 
series  of  experiments. 

ß.  Testing  the  iodine  solution,  to  ascertain  to  how  much  ahsolutelg  pure 
iodine  one  hurette  degree  of  it  corresponds  in  its  action  upon  sulphurous  acid. 

Weigh  off  about  0*35  grm.  of  the  purest  bichromate  of  potassa, 
thoroughly  dried  previously,  and  treat  this  with  fuming  hydrochloric  acid, 
in  the  manner  described  in  § 104,  d.  ß.  Conduct  the  chlorine  evolved 
into  an  excess  of  solution  of  iodide  of  potassium,  as  directed  in  that  para- 
graph.  You  will  obtain  accordingly  for, 

One  equivalent  of  KO,  2 Cr  03  = 1858,  tliree  equivalents  of  iodine = 
4758. 

Supposing,  therefore,  you  have  weighed  off  0*4  grm.  of  bichromate  of 
potassa,  the  quantity  of  iodine  liberated  will  amount  to  1 '024  grm.  Add 
now  to  the  solution  of  iodine  in  iodide  of  potassium  so  obtained,  one 
measuring  pipette  (or  cylinder  or  flask)  full  after  another  of  the  dilute 
sulphurous  acid,  until  the  brown  coloration  of  the  solution  has  completely 
disappeared.  Suppose  you  have  added  in  this  way  800  c.  c. 

Add  now  to  the  fluid,  which  you  have  just  mixed  with  800  c.  c.  of 
dilute  sulphurous  acid,  and  which  did  contain  1*024  grm.  of  free  iodine, 
a little  starch-paste,  and  determine,  by  an  experiment,  how  much  of 
your  iodine  solution  (ö.  a.)  you  have  to  add  until  blue  coloration  ensues. 
Suppose  you  have  added  20°  of  your  iodine  solution. 

The  following  simple  calculation  will  now  lead  to  the  desired  result : 
upon  the  supposition  in  c.  a.  you  have  required  54°  of  your  iodine  solu- 
tion ( h . a.)  to  convert  100  c.  c.  of  your  dilute  sulphurous  acid  into  sul- 
pliuric  acid ; the  conversion  of  800  c.  c.  of  the  dilute  sulphurous  acid  into 
sulphuric  acid  would  accordingly  require  8 x 54  = 432°  of  your  iodine  solu- 
tion ; but  to  convert  the  excess  still  remaining  of  sulphurous  acid,  you 
have  required  only  20°,  accordingly  432°— 20°  = 412°,  less  tlian  you  would 
have  required  had  the  sulphurous  acid  not  been  acted  upon  already  by  free 
iodine.  The  quantity  of  this  free  iodine  is,  accordingly,  exactly  equal 
to  that  contained  in  412°  of  your  solution.  Now,  as  the  quantity  of  this 
free  iodine  amounts  to  1*024  grm.,  you  have  in  412°  of  your  iodine  solu- 
tion (ö.  a .)  also  T024  grm.,  or  in  1°  0*00248  grm.  of  iodine,  or,  more 
correctly  speaking,  of  a mixture  of  iodine  with  a trace  of  chlorine  whose 
action  is  equal  to  that  of  the  said  quantity  of  pure  iodine. 
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The  number  so  found  applies  to  the  whole  atnount  of  t.he  iodine  solution 
prepared  after  b.  a.  As  this  solution  keeps  unaltered,  and  as  it  serves 
for  the  quantitative  determination  of  a great  variety  of  substances,  it  will 
be  found  advantageous  to  prepare  a large  quantity  of  it  at  once. 
d.  Performance  of  the  analytical  process. 

Weigh  off  the  iodine,  best  in  a small  flask,  dissolve  it  in  the  iodide  of 
potassium  solution  prepared  after  b.  y.  (using  about  5 c.  c.  of  the  solution 
of  iodide  of  potassium  to  0*1  grm.  of  iodine),  add  one  measuring  pipette 
(or  cylinder  or  flask)  full  after  another  of  the  dilute  sulphurous  acid,  until 
the  fluid  appear  colorless  ; note  the  number  of  c.  c.,  add  3 or  4 c.  c.  of 
starch-paste,  and  then  solution  of  iodine  {b.  a .)  until  a blue  coloration 
is  just  becoming  perceptible,  and  note  the  quantity  of  solution  of  iodine 
added. 

You  have  now  simply  to  make  the  following  calculation  : 

Deduct  from  the  number  of  degrees  of  solution  of  iodine  corresponding 
to  the  amount  used  of  sulphurous  acid,  the  number  of  degrees  which  you 
have  been  obliged  to  add  to  effect  the  conversion  of  the  excess  of  the  sul- 
phurous acid  into  sulphuric  acid.  The  result  indicates  the  number  of 
degrees  of  the  solution  of  iodine  which  contain  exactly  the  same  amount 
of  iodine  as  the  examined  sample. 

The  following  example  will  serve  to  explain  this  more  clearly  : — 

150  c.  c.  of  dilute  sulphurous  acid,  requiring  54°  of  solution  of  iodine 
to  convert  100  c.  c.  of  it  into  sulphuric  acid,  were  added  to  0148  grm.  of 
somewhat  moist,  but  in  other  respects  pure,  iodine.  The  conversion  of 
the  excess  remaining  of  the  sulphurous  acid  took  23 *6  of  iodine  solution. 

To  the  150  c.  c.  of  sulphurous  acid,  correspond,  of  solution  of 
iodine  . . . . • . . . 8 TO 

The  conversion  of  the  excess  remaining  of  sulphurous  acid  took  . 23-6 


Balance  . 57*4 

Now,  as  one  degree  of  the  iodine  solution  contains  (upon  the  supposition 
in  c.  ß.)  0*00248  grm.  of  iodine,  5/’4°  contain  01423  grm.  The 
sample  examined  contained  accordingly  0*1423  grm.  of  iodine. 


If  a fluid  contains  free  iodine  in  presence  of  iodine  in  a state  of  combi- 
nation,  determine  the  former  in  one  sample  by  Bimsen’ s method  ; add  to 
another  sample  sulphurous  acid  until  the  fluid  appears  colorless,  and  then 
precipitate  with  solution  of  silver,  as  directed  in  § 114,  I.  a.  Digest  the 
precipitated  fluid,  previously  to  filtration,  with  nitric  acid,  in  Order  to 
remove  any  sulphite  of  silver  which  might  have  been  thrown  down  con- 
jointly  with  the  nitrate  of  the  base  originally  combined  with  the  iodine. 
The  difterence  is  equal  to  the  amount  of  iodine  originally  present  in  a 
state  of  combination  in  the  analysed  fluid. 
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4.  HYDROCYANIC  ACID. 

I.  Determination. 

a.  If  you  have  free  hydrocyanic  acid  in  solution,  mix  the  solution,  in  a 
rather  dilute  state,  with  solution  of  nitrate  of  silver  in  excess,  add  a little 
nitric  acid,  and  determine  the  precipitated  cyanide  of  silver,  as  directed  in 
§ 91,  3. 

If  you  wish  to  determine  in  this  way,  the  hydrocyanic  acid  in  bitter 
almond  water  or  cherry  laurel  water,  add  ammonia  after  the  addition  of 
the  solution  of  nitrate  of  silver,  and  then  supersaturate  sliglitly  with  nitric 
acid.  This  modification  of  the  process  is  indispensable  to  precipitate  from 
these  fluids  the  whole  of  the  hydrocyanic  acid,  as  cyanide  of  silver. 

b.  Liebiff's  method  of  analysis  hy  measure  (Annal.  der  Chem.  und 
Pharm.  77,  102).  If  hydrocyanic  acid  is  mixed  with  potassa  in  excess, 
and  a dilute  solution  of  nitrate  of  silver  is  then  added,  a persistent  tur- 
bidity — caused  by  the  Separation  of  cyanide  of  silver,  or,  if  a few  drops  of 
solution  of  chloride  of  sodium  have  been  added  to  the  solution  (which  it  is 
advisable  to  do)  of  chloride  of  silver — ensues  only  when  the  whole  of  the 
cyanogen  is  converted  into  double  cyanide  of  silver  and  potassium.  The 
first  drop  of  solution  of  nitrate  of  silver  added  in  excess  produces  the 
permanent  precipitate.  One  equivalent  of  the  silver  used  in  the  solution 
of  the  nitrate,  corresponds  therefore,  exactly,  to  two  equivalents  of  hydro- 
cyanic acid  (2  K Cy  + Ag  O,  NOs=Ag  Cy,  KCy  + KO,  N05).  For  the 
examination  of  a dilute  solution  of  hydrocyanic  acid,  a solution  of  nitrate 
of  silver  is  used,  containing  in  500  c.  c.  = 1000°,  2 grammes  of  metallic 
silver,  and  of  which,  accordingly,  every  one  half  c.  c.  = l°  corresponds  to 
O'OOl  grm.  of  anhydrous  hydrocyanic  acid.  Liebig  has  examined  by 
this  method  hydrocyanic  acid  of  various  degrees  of  dilution,  and  has 
obtained  results  thereby  corresponding  exactly  with  those  obtained  by  a. 
In  this  method  it  does  not  matter  whether  the  hydrocyanic  acid  contains  an 
admixture  of  hydrochloric  acid  or  formic  acid.  Bitter  almond  water  and 
medicinal  hydrocyanic  acid  which  it  is  intended  to  examine  by  this  method, 
are  diluted  with  from  three  to  five  volumes  of  water. 

c.  Fordos  and  Gelis’s  method  of  analysis  by  measure * (Journ.  de  Chem. 
et  de  Pharm.  23,  48.  Journ.  f.  prakt.  Chem.  59,  255).  This  method  is 
founded  upon  the  reaction  of  free  iodine  upon  cyanide  of  potassium  ; 
KCy+2  I = KI-f  I Cy.  Two  equivalents  of  iodine=3172,  correspond 
accordingly  to  one  equivalent  of  cyanogen  = 325,  or  to  one  equivalent  of 
hydrocyanic  acid=337'5,  or  to  one  equivalent  of  cyanide  of  potassium  = 
814. 

* Mentioned  first  by  Send  las  and  Wähler. 
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Tlie  process  is  conducted  as  follows  : make  a solution  of  iodine  in  alcohol, 
containing  40  grammes  of  iodine  in  the  litre  : \ c.  c.  of  this  solution 
contains  accordingly  0-020  grm.  of  iodine,  corresponding  to  0-0051  of 
cyanide  of  potassium.  Mix  the  fluid  containing  the  hydrocyanic  acid, 
cautiously,  with  some  solution  of  soda,  and  then  add  water  containing 
carbonic  acid,  to  convert  a possible  excess  of  alkali  into  bicarbonate;  this 
addition  of  aerated  water  is  necessary  also  in  the  examination  of  common 
cyanide  of  potassium  by  this  method.  Now  drop  your  alcoholic  solution 
of  iodine  into  the  mixture,  until  the  fluid  lias  acquired  a persistent  yellow 
color. 

Fordos  and  Gelis  recommend  this  method  simply  for  the  analysis  of 
cyanide  of  potassium  of  commerce  ; it  may,  however,  answer  equally  well 
also  in  scientific  and  pharmaceutical  investigations.  Bunsen’s  iodine  solu- 
tion (§  114)  miglit,  in  that  case,  be  used  instead  of  the  alcoholic  solution 
here  recommended,  50  c.  c.  = 100°  of  Bunsen’s  iodine  solution  (supposing 
them  to  contain  exactly  0-25  grm.  of  iodine)  correspond  to  0-0256  of 
cyanogen. 

II.  Separation  of  cyanogen  from  the  metals. 

a.  In  soluble  metallic  cyanides  (cyanide  of  mercury  excepted). 

Mix  the  solution  of  the  cyanide  with  solution  of  nitrate  of  silver  in  ex- 
cess, then  add  nitric  acid  to  acid  reaction,  and  proceed  as  in  I.  a.  Deter- 
mine  the  bases  in  the  filtrate,  after  the  removal  of  the  excess  of  the  salt 
of  silver  added  ; see  Section  V. 

b.  In  insolubte  metallic  cyanides  which  dissolve  readily  in  dilute  nitric 
acid. 

Dissolve  the  cyanide  by  shaking  with  extremely  dilute  nitric  acid,  in 
a flask  closed  with  a glass-stopper,  add  nitrate  of  silver  in  excess,  and 
proceed  as  in  II.  a. 

c.  In  all  insoluble  metallic  cyanides. 

Ignite  the  cyanide,  and  determine  the  metal  in  the  residue,  either  by  at 
once  weighing  the  residue,  or  by  dissolving  it,  and  precipitating  it  from  the 
solution.  The  amount  of  cyanogen  is  either  inferred  from  the  loss,  or  deter- 
mined  by  the  method  of  organic  elementary  analysis.  Many  of  the  me- 
tallic cyanides  may  be  decomposed  also,  by  evaporation  with  hydrochloric 
acid,  instead  of  by  ignition,  or  by  boiling  with  oxide  of  mercury.  In 
the  latter  case,  the  oxides  separate,  mixed  with  the  excess  of  the  oxide  of 
mercury,  whilst  basic  cyanide  of  mercury  dissolves. 

d.  In  cyanide  of  mercury. 

Precipitate  the  aqueous  solution  with  sulphuretted  hydrogen,  and  de- 
termine the  mercury  as  directed  in  § 94,  3,  and  the  hydrocyanic  acid 
formed,  in  the  manner  described  in  § 137 

The  cyanogen  may  be  advantageously  determined  also  in  another  por- 
tion  by  the  method  of  the  quantitative  determination  of  nitrogen  (§  152). 
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III.  Analysis  of  double  protocyanides  (ferrocyanides,  &c.) 

a.  Bolley*  has  lately  proposed  the  following  simple  method  to  effect 
the  analysis  of  these  compounds,  which  it  is  mostly  found  very  difficult  to 
decompose  by  acids,  or  by  ignition,  and  which  are  also  only  imperfectly 
decomposed  by  boiling  with  oxide  of  mercury. 

Weigli  olf  a portion  of  the  dried  double  cyanide,  and  mix  this  portion 
in  a porcelain  mortar  with  from  three  to  four  times  the  quantity  of  a mix- 
ture  consisting  of  three  parts  of  sulpliate  and  one  part  of  nitrate  of  am- 
monia ; transfer  the  powder  to  a small  tubulated  retort,  rinse  the  mortar 
with  the  mixture  of  the  two  ammonia  salts,  add  the  rinsings  to  the 
powder  in  the  retort,  join  a receiver  loose  to  the  neck  of  the  retort,  and 
heat  over  a spirit-lamp,  shaking  the  mixture  in  the  retort  occasionally. 
Complete  decomposition  ensues  even  at  a moderate  heat,  attended  with 
glimmering  of  the  mass  ; the  whole  of  the  cyanogen  volatilises  in  the  form 
of  cyanide  of  ammonium  and  of  the  products  of  the  decomposition  of  the 
latter  substance,  whilst  the  metals  remain  behind  as  sulpliates.  As  traces 
of  these  sulphates  may  have  been  carried  over  into  the  receiver,  evapo- 
rate  the  fluid  contained  in  the  latter  in  a porcelain  dish,  volatilise  the 
ammonia  salts  (if  necessary),  and  dissolve  what  remains  in  the  receiver  in 
a little  nitric  acid.  Dissolve  the  residue  in  the  retort  in  water,  adding, 
if  necessary,  some  nitric  acid,  and  then  separate  the  metals  in  the  clear 
solution  by  the  appropriate  metliods  which  will  be  found  in  Section  V. 
Bolley  says  he  obtained  very  accurate  results  by  this  simple  and  easy 
method,  in  the  decomposition  of  various  ferro-  and  ferricyanides. 

b.  Mix  a portion  of  the  double  cyanide  with  two  parts  of  carbonate 
and  two  parts  of  nitrate  of  soda,  and  transfer  the  mixture  in  portions  to 
a platinumf  crucible,  previously  heated  to  gentle  redness.  Heat  at  last 
strongly,  boil  the  residue  with  water,  and  determine  the  separated  oxides 
by  the  proper  methods  which  will  be  found  in  Section  V.  This  method 
is  not  well  adapted  to  compounds  containing  much  alkali,  on  account  of 
the  more  or  less  violent  deflagration  which  ensues  under  these  circum- 
stances  ; nor  is  it  adapted  to  compounds  containing  a volatile  metal. 

c.  The  estimation  of  the  nitrogen  and  carbon  (of  the  cyanogen)  in  such 
compounds  is  effected  by  the  methods  of  organic  elementary  analysis 
(see  Section  VI.) 

d.  Liesching  has  proposed  a method  of  analysis  by  measure,  to  deter- 
mine ferricyanide  of  potassium  when  with  ferrocyanide.  This  method 
is  based  upon  the  decomposition  of  the  ferricyanide  by  the  double  com- 
pound of  penta-sulphide  of  arsenic  and  sulphide  of  sodium.  See  Quart. 

* Ann.  der  Chem.  und  Phann.  87,  254. 

f If  there  is  reason  to  apprehend  injury  to  this  material,  from  the  nature  of  the  compound, 
you  may  Substitute  a crucible  of  porcelain ; but  the  latter  material  is  always  strongly  affectcd 
by  the  process. 
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§ 116. 

5.  hydrosulphuric  acid  (Sulphuretted  Hydrogen). 

I.  Determination. 

Sulphuretted  hydrogen  in  the  free  state  is  most  readily  and  very  accu- 
rately  determined  by  ineans  of  iodine,  by  analysis  by  measure  ; the  sul- 
phur  in  it  may  also  be  determined  by  Converting  it  into  sulphate  of  baryta 
and  weighing. 

a.  The  method  of  determining  free  sulphuretted  hydrogen  by  analysis 
by  measure,  by  means  of  a solution  of  iodine,  was  employed  first  by 
Dupasquier.  That  chemist  used  alcoholic  solution  of  iodine  for  the  pur- 
pose.  But,  as  the  action  of  the  iodine  upon  the  alcohol  gradually  alters 
the  composition  of  this  solution,  it  is  better  to  use  a solution  of  iodine  in 
iodide  of  potassium.  The  decomposition  ensues  according  to  the  formula  : 

HS  + I=HI+S 

One  equivalent  of  1=  1586  corresponds  to  one  equivalent  of  HS  = 21 2*5. 
However,  this  exact  decomposition  can  be  relied  upon  with  certainty  only 
if  the  amount  of  sulphuretted  hydrogen  in  the  fluid  to  be  analysed  does 
not  exceed  (WM  per  cent  of  sulphuretted  hydrogen  ( Bunsen ).  Fluids 
containing  a larger  proportion  of  sulphuretted  hydrogen  than  this,  must 
therefore  first  be  diluted  to  the  requisite  degree,  with  water  boiled  and 
afterwards  cooled  again  in  a place  from  which  the  air  is  excluded. 

If  Bunsen' s solution  of  iodine  in  iodide  of  potassium  is  used,  100°= 
50  c.  c.  (containing  exactly  0*2500  grm.  of  iodine),  correspoud  to  0*0335 
of  HS  or  to  0*0315  of  S.  The  calculation  may  be  simplified  also  by  pre- 
paring  a solution  of  iodine  containing  in  the  litre  7*463  grammes  of 
iodine;  every  c.  c.  (=2°)  of  this  latter  solution  corresponds  to  0*001 
grm.  of  HS. 

The  analytical  process  is  very  simple  : a weighed  or  measured  off  quan- 
tity  of  the  sulphuretted  hydrogen  water  * is  poured  into  a capacious  flask, 
diluted,  if  necessary,  in  the  manner  before  directed,  some  thin  starch- 
paste  is  added,  and  then  solution  of  iodine,  with  constant  shaking  of  the 
flask,  until  a persistent  blue  coloration  ensues. 

In  exactly  the  same  way  free  sulphurous  acid  may  also  be  determined 
(Compare  § 114,  Appendix). 

b.  Measure  or  weigh  off  a certain  quantity  of  the  fluid  containing  the 
sulphuretted  hydrogen,  and  mix  it  in  a stoppered  flask  with  solution  of 
chloride  of  copper,  or  with  a solution  of  arsenious  acid  in  hydrochloric 

* For  the  way  of  measuring  off  a certain  quantity  of  sulphuretted  hydrogen  water  from  a 
larger  amount  of  the  same,  sec  the  Chapter  on  the  Analysis  of  Mineral  Waters. 
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acid  in  moderate  excess  ; put  in  the  stopper,  shake  the  flask,  allow  it  to 
deposit,  Alter,  dry  the  precipitate,  without  previously  washing  it,  or  after 
sliglit  washing  only,  and  determine  the  sulphur  in  the  dry  precipitate  as 
directed  in  II. 

The  method  a.  is  always  preferable  in  the  case  of  mineral  waters  contain- 
ing  only  a small  proportion  of  sulphuretted  hydrogen. 

c.  If  the  sulphuretted  hydrogen  is  evolved  in  the  gaseous  state,  conduct 
it  into  dilute  solution  of  soda,  and  determine  the  sulphur  in  the  sulphide 
of  sodium  formed,  as  directed  in  II.  2,  b.  a. 

The  last  traces  of  the  sulphuretted  hydrogen  gas  are  completely  ex- 
pelled,  at  the  end  of  the  evolution  process,  by  pouring  into  the  evolution 
flask,  which  still  contains  much  free  acid,  some  concentrated  solution  of 
bicarbonate  of  ammonia. 

The  absorption  of  the  gas  may  be  effected  in  the  apparatus  illustrated 
by  Fig.  48. 


Eig.  48. 


The  construction  and  arrangement  of  the  apparatus  may  be  seen  from 
the  engraving.  The  tube  c is  cut  off  obliquely  at  the  lower  end,  and 
hardly  dips  into  the  solution  of  soda.  The  funnel  c contains  asbestos 
moistened  with  the  solution  of  soda.  In  cases  wliere  the  sulphuretted 
hydrogen  is  evolved  in  conjunction  with  a larger  proportion  of  another 
unabsorbed  gas,  e.  g.  hydrogen,  the  funnel  on  the  tube  c is  replaced  by  a 
long  and  wide  tube  placed  obliquely,  and  which  contains  broken  pieces  of 
glass  or  porcelain  moistened  with  solution  of  soda.  After  the  termination 
of  the  process,  all  the  fluids  are  poured  together,  and  the  flasks  and  tube 
are  rinsed  with  water  boiled,  and  afterwards  cooled  again  in  a place  from 
which  the  air  is  kept  excluded. 

II.  Separation  and  determination  of  sulphur  in  its  combination  with 
metals. 
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1 . Methods  in  the  dry  way. 

a.  In  all  sulphides  which  lose  no  sulphur  by  the  action  of  heat. 

Mix  a weighed  quantity  of  the  pulverised  substance  with  three  parts 
of  anhydrous  carbonate  of  soda  and  four  parts  of  nitrate  of  potassa, 
with  the  aid  of  a rounded  glass  rod,  wipe  the  particles  of  the  mix- 
ture  which  adhere  to  the  rod,  carefully  otf  against  some  carbonate 
of  soda,  and  add  this  to  the  mixture.  Heat  the  latter  in  a platinum 
crucible — or  also  in  one  of  porcelain,  which,  however,  is  somewhat  affected 
by  the  process — at  a gradually  increased  temperature  to  fusion,  keep  it  in 
tliat  state  for  some  time,  let  it  cool,  heat  the  residue  with  water,  filter, 
and  determine  in  the  filtrate,  which  contains  the  whole  of  the  sulphur  or 
alkaline  sulphate,  the  sulphuric  acid  as  directed  in  § 105.  The  metal, 
metallic  oxide,  or  carbonate,  which  remains  undissolved,  is  determined, 
according  to  circumstances,  either  by  direct  weighing,  or  in  some  other 
appropriate  way. 

b . In  metallic  sulphides  which  lose  sulphur  by  the  action  of  heat. 

Mix  the  finely  pulverised  compound  with  four  parts  of  carbonate  of 
soda,  eight  p arts  of  nitrate  of  potassa,  and  sixteen  parts  of  pure  and  per- 
fectly  dry  chloride  of  sodium,  and  treat  the  mixture  as  in  a.  Or,  mix  the 
very  finely  triturated  substance  with  three  parts  of  pure  carbonate  of  soda 
and  three  parts  of  pure  chlorate  of  potassa,  put  the  mixture  into  a tube  of 
difficultly  fusible  glass,  closed  at  the  posterior  end,  fill  the  anterior  part 
of  this  tube  with  carbonate  of  soda  mixed  with  a little  chlorate  of  potassa, 
and  heat  the  tube  in  a combustion  furnace  in  the  same  way  as  in  an  ele- 
mentary  analysis.  Treat  the  ignited  saline  mass  as  in  a.  The  solution 
will,  of  course,  contain  silicic  acid  from  the  glass.  (Kemp.) 

c.  In  sulphosalts  of  more  complex  composition  (after  Berselius  and  II. 
Rose) . 

Use  the  apparatus  illustrated  by  Fig.  49,  or  an  apparatus  of  similar 
construction. 


Fig.  49. 


a is  a flask  from  which  chlorine  is  evolved  in  a slow  stream  ; b serves 
to  convey  into  a additional  portions  of  liydrochloric  acid  ; c contains  con- 
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centrated  sulphuric  acid  ; d chloride  of  calcium — both  intended  for  tlie 
drying  of  the  chlorine  evolved  ; e is  a bulb-tube  intended  to  receive  the 
substance  to  be  analysed ; this  tube  dips  to  near  the  surface  of  the  water 
in/ (in  presence  of  antimony,  a solution  of  tartaric  acid  in  dilute  hydro- 
chloric  acid  is  substituted  for  the  water  in  /)  ; the  flask  f is  connected 
with  h,  the  connecting  tube  reaching  down  to  the  bottom  of  the  fluid  in 
the  latter ; the  chlorine  issuing  from  h is  conducted  into  milk  of  lime,  or 
into  alcohol,  or  out  of  the  window . 

When  the  apparatus  is  arranged,  the  sulpliide  to  be  examined  is  weiglied 
in  a narrow  glass  tube,  closed  at  one  end,  and  subsequently  cautiously 
transferred  from  this  tube  to  the  bulb  e,  in  the  manner  illustrated  by  Fig. 
50,  to  prevent  any  portion  of  the  substance  getting  into  the  ends  of  the 


Fig.  50. 


bulb-tube. 

When  the  apparatus  is  filled  vvith  chlo- 
rine, e is  connected  with  d by  means  of  a 
vulcanized  india-rubber  tube,  and  the  chlo- 
rine is  allowed  to  act  on  the  sulpliide,  at  first 
without  the  aid  of  heat.  When  no  further 
alteration  is  observed,  a very  gentle  heat 
is  applied  to  the  bulb,  care  being  taken 
also  to  keep  the  tube  g warm,  securing 
that  tube  thus  from  being  stopped  up  by  the  sublimed  volatile  metallic 
chloride.  The  sulphide  is  completely  decomposed  by  the  chlorine,  the 
metals  being  converted  into  Chlorides,  which  partly  remain  in  the  bulb, 
partly — (viz.  the  volatile  ones,  as  chloride  of  antimony,  chloride  of  arsenic, 
chloride  of  mercury) — pass  over  into  the  receiver  ; the  sulphur  combines 
with  the  chlorine  to  form  chloride  of  sulphur,  which  passes  over  into  the 
flask  /,  where,  coming  into  contact  with  water,  it  decomposes  with  the  latter, 
forming  hydrochloric  acid,  and  hyposulphurous  acid,  with  Separation  of 
sulphur.  The  hyposulphurous  acid  decomposes  again  into  sulphur  and 
sulphurous  acid,  which  latter  is  finally,  by  the  action  of  the  chlorine  water 
in  /,  converted  into  sulphuric  acid.  The  final  result  of  the  decomposition 
is  consequently  sulphuric  acid,  and  a greater  or  less  amount  of  sulphur. 
The  Operation  is  concluded  when  no  more  products  of  distillation — with  the 
exception  perhaps  of  sesquichloride  of  iron  the  complete  expulsion  of 
which  need  not  be  awaited — pass  over  from  the  bulb.  Heat  is  then  applied 
to  e,  proceeding  from  the  bulb  towards  the  bend,  so  as  to  force  all  the 
chloride  of  sulphur  which  may  remain  in  this  part  to  pass  over  into  /. 

The  apparatus  is  still  left  together  a short  time,  after  which  the  tube  e 
is  cut  off  under  the  bend  at  g,  and  the  separated  end,  which  contains  a por- 
tion of  the  volatile  Chlorides,  is  closed  by  inverting  over  it  a glass-tube 
closed  at  one  end,  and  moistened  inside.  The  whole  is  now  allowed  to 
stand  twenty-four  hours,  to  let  the  volatile  Chlorides  absorb  moisture,  and 
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dissolve  in  water  without  lieat ; tlie  metallic  clilorides  in  the  tube  are  then 
dissolved  in  dilute  hydrochloric  acid,  the  tube  is  rinsed,  and  the  solution 
added  to  the  contents  of  the  flasks  f and  h ; a very  gentle  heat  is  now 
applied  until  the  free  chlorine  is  expelled,  and  the  fluid  in  them  allowed 
to  stand  until  the  sulphur  has  solidified.  The  sulphur  is  filtered  off  on  a 
weighed  Alter,  washed,  dried,  and  weighed.  The  filtrate  is  precipitated 
with  chloride  of  barium  (§  105),  by  which  Operation  the  amount  of  that 
portion  of  the  sulphur  is  determined  which  had  been  converted  into  sul- 
phuric  acid.  The  fluid  filtered  off  from  the  sulphate  of  baryta  coutains, 
besides  the  excess  of  chloride  of  barium  added,  also  the  volatile  metallic 
clilorides  ; which  latter  are  finally  determined  in  it  by  the  proper  methods 
which  will  be  found  in  Section  Y. 

The  chloride  remaining  in  the  bulb-tube  is  either  at  once  weighed  as 
such  (chloride  of  silver,  chloride  of  lead),  or  when  this  is  impracticable — 
as  in  the  case  of  copper,  for  instance,  which  remains  partly  as  subchloride 
partly  as  chloride — it  is  dissolved  in  water,  hydrochloric  acid,  nitrohydro- 
chloric  acid,  or  some  other  appropriate  solvent,  and  the  metal  or  metals 
in  the  solution  are  determined  by  the  proper  methods  which  will  be  found 
in  Section  V.  To  be  enabled  to  weigh  the  bulb-tube  containing  the  chlo- 
ride of  silver  or  chloride  of  lead,  it  is  advisable  to  reduce  the  Chlorides 
b}r  hydrogen  gas,  and  to  dissolve  the  metals  then  in  nitric  acid. 

2.  Methods  in  the  humid  way. 

a.  ln  all  solid  metallic  sulphides,  with  the  exception  of  the  sulphides 
of  lead , barium,  Strontium,  and  calcium .* 

a.  Weigh  the  finely  pulverised  sulphide  in  a small  glass  tube  closed 
at  one  end,  and  place  the  tube  into  a tolerably  capacious  flask  with  a 
glass  stopper,  and  which  contains  red  fuming  nitric  acid  (perfectly  free 
from  sulphuric  acid)  in  more  than  sufficient  quantity  to  effect  the  decom- 
position  of  the  sulphide.  Immediately  after  having  placed  in  the  tube, 
close  the  flask  firmly.  When  the  action,  which  is  very  impetuous  at  first, 
has  somewhat  relaxed,  shake  the  flask  a little  ; when  the  shaking  of  the 
flask  ceases  to  cause  renewed  reaction,  and  the  fumes  in  the  flask  have 
Condensed,  take  off  the  stopper,  rinse  this  with  a little  nitric  acid,  letting 
the  rinsings  run  into  the  flask,  and  then  heat  the  latter  gently. 

aa.  The  whole  of  the  sulphur  has  been  oxidised,  the  fluid  is  perfectly 
clear. 

Dilute  with  much  water,  and  determine  the  sulphuric  acid  formed,  as 
directed  in  § 105.  (Do  not  neglect  to  wash  the  precipitate  thoroughly 
with  hot  water,  and  to  ascertain,  after  weighing,  whether  the  precipitate 
is  absolutely  insoluble  in  dilute  hydrochloric  acid.)  Separate  the  bases  in 

* The  analysis  of  sulphide  of  lead  has  heen  given  already  in  § 92, 6 ; the  other  three 
may  be  analysed  in  a similar  manner ; it  is  preferable,  however,  to  decompose  them  in  the 
dry  way. 
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the  filtrate  from  the  salt  of  baryta  added  in  excess,  by  the  proper  methods 
which  will  be  found  in  Section  Y. 

bb.  Undissohed  sulphur  floats  in  the  fluid. 

Add  chlorate  of  potassa  in  small  portions,  or  strong  bydrochloric  acid, 
and  digest  some  time  in  a water-bath.  This  process  will  often  suc- 
ceed  in  dissolving  the  whole  of  the  sulphur.  Should  this  not  be  the  case, 
and  should  the  separated  sulphur  appear  of  a pure  yellow  color,  dilute 
with  water,  collect  the  sulphur  on  a weighed  filter,  wash  carefully,  dry, 
and  weigh.  After  weighing,  ignite  the  whole,  or  a portion  of  it,  to  ascer- 
tain  whether  it  is  perfectly  pure.  If  a fixed  residue  remains  (consisting 
commonly  of  quartz,  &c.)  deduct  its  weight  from  that  of  the  impure  sul- 
phur. In  the  filtered  fluid  determine  the  sulphuric  acid  as  in  aa.,  cal- 
culate  the  sulphur  in  it,  and  add  the  amount  to  that  of  the  separated 
sulphur. 

In  the  presence  of  bismuth,  the  addition  of  chlorate  of  potassa  or  of 
hydrochloric  acid  is  not  advisable,  as  the  presence  of  chlorine  interferes 
with  the  determination  of  bismuth. 

ß.  Mix  the  finely  pulverised  metallic  sulphide  by  shaking  in  a dry  flask 
with  chlorate  of  potassa  (free  from  sulphuric  acid),  and  add  concentrated 
hydrochloric  acid  in  small  portions.  Cover  the  vessel  with  a watch-glass, 
or  with  an  inverted  small  flask.  When  the  whole  of  the  chlorate  of 
potassa  is  decomposed,  lieat  gently  on  the  water-bath,  until  the  fluid 
smells  no  longer  of  chlorine.  Proceed  now  as  directed  in  a.  aa.  or  bb, 
according  to  whether  the  sulphur  is  completely  dissolved  or  not.  In  the 
latter  case  you  must  immediately  dilute  and  filter.  The  oxidation  of  the 
sulphur  may  be  effected  also  by  heating  with  nitric  acid  and  chlorate  of 
potassa. 

y.  Strong  nitrohydrochloric  acid  is  also  often  used  instead  of  the  ox- 
idising  agents  named  in  a.  and  ß. ; however,  with  this  the  complete  con- 
version  of  the  sulphur  into  sulphuric  acid  succeeds  more  rarely. 

b.  In  dissolved  sulphides  of  the  al/calies  and  alkaline  earths. 

(Sulphides  containing  an  admixture  of  hyposulphites  or  sulphates,  are 
analysed  as  directed  in  § 136.) 

a.  The  sulphides  contain  no  excess  of  sulphur. 

aa.  Dilute  the  solution  so  much  that  the  fluid  contains  only  about 
004  per  cent  of  sulphur,  and  proceed  exactly  as  directed  in  § 116,  I.  a. 
(KS+I  = KI  + S.) 

Should  the  solution  contain,  besides  the  sulphide,  a caustic  alkali,  the 
dilute  fluid  must  be  slightly  acidified,  before  proceeding  with  the  Opera- 
tion ; if  it  contains  an  alkaline  carbonate,  chloride  of  barium  may  be  added, 
instead  of  a free  acid  ( Filhol ). 

bb.  Mix  the  solution  with  an  excess  of  a solution  of  arsenious  acid  in 
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hydrochloric  acid,  supersaturated  with  ammonia,  or  of  a solution  of  Chlo- 
ride of  copper,  superatured  with  ammonia,  add  hydrochloric  acid,  and  then 
proceed  as  directed  in  I.  b. 

ß.  The  sulphides  contain  an  excess  of  sulphur. 

Decompose  the  sulphide  with  hydrochloric  acid  in  the  apparatns  de- 
scribed  in  I.  c,  and  proceed  as  there  directed.  When  the  whole  of  the 
sulphuretted  hydrogen  gas  has  been  expelled,  and  the  separated  sulphur 
has  subsided,  filter  through  a tared  filter,  dry  and  weigh.  The  Chlorides 
of  the  metals  are  found  in  the  filtrate. 

THIRD  GROUP. 

NITRIC  ACID. CHLORIC  ACID. 

§ 117. 

1.  NITRIC  ACID. 

I.  Determination. 

Free  nitric  acid  in  a solution  containing  no  other  acid  is  determined 
most  simply  by  analysis  by  measure,  neutralising  it  with  a dilute  solution 
of  soda  of  known  strength  (compare  the  special  part,  Section  Acidimetry). 
The  following  method  also  effects  the  same  purpose  : mix  the  solution 
with  baryta-water,  until  the  reaction  is  just  alkaline,  evaporate  the  solu- 
tion in  the  air  slowly,  nearly  to  dryness,  dilute  the  residue  with  water, 
filter,  wash  the  carbonate  of  baryta  formed  by  the  action  of  the  carbonic 
acid  of  the  atmosphere  upon  the  excess  of  the  baryta-water,  add  the 
washings  to  the  filtrate,  and  determine  in  the  latter  the  baryta  as  directed 
in  § 79.  Calculate  for  every  equivalent  of  baryta  found,  an  equivalent 
of  nitric  acid.  The  correctness  of  the  results  depends  entirely  upon  the 
accuracy  of  the  execution  of  the  analytical  process.  Avoid  the  use  of 
a large  excess  of  baryta-water,  and  take  care  not  to  filter  the  evaporated 
fluid  before  its  alkaline  reaction  has  completely  disappeared. 

II.  Separation  of  nitric  acid  from  the  bases,  and  its  determination  in 
a state  of  combination. 

a.  In  all  nitrates,  according  to  Pelouze. 

Add  a weighed  quantity  of  the  nitrate  to  an  excess  of  a solution  of 
protochloride  of  iron  in  hydrochloric  acid.  A portion  of  the  protochloride 
corresponding  to  the  amount  of  the  nitric  acid  present,  is  hereby  converted 
into  sesquichloride.  By  determining  now  the  quantity  of  protochloride 
remaining  (as  directed  in  § 89,  2),  you  learn  from  this  the  quantity  which 
has  been  oxidised,  and  thus  also  the  amount  of  the  nitric  acid.  6 FeCl  + 
KO,  N05  -|-4HC1  = 4 HO  + KCl  + N02  + 3 Fe2Cl3.  168  of  iron,  con- 
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verted  thus  from  the  state  of  protochloride  to  that  of  sesquichloride,  cor- 
respond  accordingly  to  54  of  nitric  acid.* 

The  process  is  best  conducted  as  follows  : Dissolve  2 grammes  of 
pianoforte  wire  in  from  80  to  1 00  grammes  of  pure  hydrochloric  acid, 
in  a flask  holding  about  150  c.  c.,  and  closed  with  a cork  into  which 
a glass  tube  is  fitted  ; promote  the  solution  by  tlie  application  of  heat. 
When  the  wire  is  dissolved,  add  T2  grm.  of  the  nitrate  of  potassa  or  an 
equivalent  quantity  of  another  nitrate,  to  be  analysed,  replace  tlie  cork, 
and  beat  to  boiling.  After  from  five  to  six  minutes,  pour  the  fluid,  which 
bas  again  become  clear,  into  a capacious  flask,  dilute  largely  with  water, 
and  proceed  as  directed  in  § 89,2.  Assuming  you  find  0*2  iron  remain- 
ing  in  the  state  of  protoxide,  you  make  your  calcuation  as  follows : 
(2-0— 0-2=  1-8).  168  : 54 : : 1-8  ; x.— x=0"578,  i.  e.  in  the  1*2  grm.  of 

nitrate  of  potassa  are  contained  0*578  of  nitric  acid  ; or  2 ; 1'2  : ; 1*8  ; x. 
— x=]-08,  i.  e.  in  the  T2  grm.  of  impure  nitre  are  contained  1-08  grm. 
of  pure  nitrate  of  potassa. 

Determine  the  base  in  another  weighed  portion  by  the  proper  method. 
If  the  analysed  salt  was  pure  and  anhydrous,  the  quantity  of  the  acid 
calculated  from  the  loss  must  be  equal  to  that  found  by  the  direct 
analysis. 

b.  In  salts  with  alkaline  base,  according  to  J.  Stein. 

Mix  the  compound  with  three  times  its  weight  of  arsenious  acid,  dis- 
solve the  mixture  in  concentrated  hydrochloric  acid,  evaporate  to  dryness, 
dissolve  the  residue  in  water,  supersaturate  the  solution  with  ammonia, 
precipitate  with  a mixture  of  cliloride  of  ammonium  and  sulphate  of  mag- 
nesia,  and  determine  the  precipitated  arseniate  of  ammonia  and  magnesia 
as  directed  in  § 102,  2.  One  equivalent  of  arsenic  acid  obtained  corre- 
sponds,  according  to  Stein,  exactly  to  one  equivalent  of  nitric  acid. 

c.  In  all  anhydrous  nitrates  with  fixed  base. 

Mix  the  triturated  compound  with  from  two  to  three  parts  of  perfectly 
anhydrous  biborate  of  soda,  put  the  mixture  into  aplatinum  crucible,  weigh 
this  with  its  contents,  heat  very  gradually,  until  the  mass  is  in  a state 
of  calm  fusion,  cool,  and  weigh  again.  The  diminution  of  weight  gives 
the  quantity  of  the  nitric  acid  originally  present.  The  results  are  aecu- 
rate.  {Schaf gottsch,  Poggend.  Annal.  57,  260.) 

d.  In  hydrated  salts. 

Determine  in  one  portion  the  bases,  in  another  the  water  and  the  acid 
(the  latter  from  the  volume  of  the  nitrogen  gas),  by  the  method  of  organic 
elementary  analysis  (§  153).  If  you  have  not  the  requisite  quantity  of 

Pelouze  found  that  it  required  on  an  average  T216  grm.  of  nitrate  of  potassa,  to  oxidise 
2 grms.  of  pianoforte  wire,  dissolved  in  from  80  to  100  grms.  of  hydrochloric  acid.  Ac- 
cording to  the  above  formula,  it  would  have  required  1 '200  grm.,  assuming  the  pianoforte  wire 
to  contain  99'7  per  cent  of  iron. 
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rnercury,  determine  simply  the  water  and  the  base,  and  calculate  the  nitric 
acid  from  the  loss.  If  you  propose  to  determine  tlie  water,  and  the  nitro- 
gen,  you  must  expel  the  air  from  the  combustion  tub'e  witli  carbonate  of 
lead  heated  to  incipient  decomposition,  instead  of  witli  bicarbonate  of  soda, 
as  directed  in  § 153. 

e.  In  soluble  salts  whose  bases  are  completely  precipitated  by  baryta, 
sulphide  of  barium,  or  carbonate  of  baryta. 

Mix  the  solution  with  baryta  water,  or,  as  the  case  may  be,  sulphide 
of  barium,  until  the  fluid  is  alkaline ; determine  the  base  in  the  pre- 
cipitate  by  the  proper  method,  evaporate  the  filtrate  to  dryness,  treat 
the  residue  with  water,  and  proceed  with  the  solution  of  nitrate  of  baryta 
obtained  (which  must  no  longer  show  alkaline  reaction),  as  directed  in  1 . 
a.  If  you  have  used  sulphide  of  barium  as  precipitant,  treat  the  eva- 
porated  mass  as  directed  in  II./.  as  the  excess  of  that  agent  changes,  upon 
evaporation  in  the  air,  into  insoluble  sulphate  and  hyposulphite  of  baryta. 
If  the  bases  are  such  as  are  precipitated  completely  by  carbonate  of 
baryta,  the  analysis  is  still  more  simple,  since  you  need  in  that  case 
only  Alter,  and  determine  in  the  filtrate  the  dissolved  nitrate  of  baryta. 

/.  ln  the  salts  of  baryta , strontia,  and  Urne. 

Mix  the  solution  with  sulphuric  acid  in  the  least  possible  excess,  and 
in  the  case  of  the  strontia  and  lime  salts,  add  alcohol,  to  make  the  Separa- 
tion of  the  sulphates  more  complete.  Drop  baryta-water  into  the  filtrate, 
until  the  reaction  is  feebly  alkaline ; evaporate  the  mixture  without  fllter- 
ing  it  previously,  on  the  water-bath  to  dryness,  heat  the  residue  with  water 
(which  must  not  thereby  acquire  an  alkaline  reaction),  Alter,  wasli  the 
residue  with  boiling  water,  until  the  Altrate  is  no  longer  rendered  turbid 
by  sulphuric  acid,  and  treat  the  solution  of  nitrate  of  baryta  obtained,  as 
in  I. 

g.  In  soluble  salts  of  the  fifth  and  sixth  groups. 

Mix  the  highly  dilute  solution  in  a stoppered  flask  with  strong  sulphu- 
retted  liydrogen  water  in  the  least  possible  excess,*  allowr  it  to  deposit, 
Alter,  and  treat  the  Altrate  as  in  II./.  (The  sulphide  of  barium  formed 
upon  the  Saturation  of  the  Altrate  writh  baryta-water  absorbs  oxygen 
upon  the  evaporation  of  the  mixture  in  the  air,  and  is  thereby  converted 
into  insoluble  sulphate  and  hyposulphite  of  baryta.) 

§ 118. 

2.  CHLORIC  ACID. 

I.  Determination. 

Free  chloric  acid  in  aqueous  solution  may  be  determined  by  converting 

* The  best  way  to  hit  the  exact  point,  is  to  add  the  sulphuretted  hydrogen  water  in  small 
portions,  and  to  shake  the  flask  after  every  fresh  addition. 
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it  into  hydrochloric  acid  by  the  agency  of  sulphuretted  hydrogen,  and 
determining  the  amount  of  the  acid  formed,  as  directed  in  § 137,  or  by 
saturating  it  with  solution  of  soda,  evaporating  the  fluid,  and  treating 
residue  as  directed  in  II.  a. 

II.  Separation  of  chloric  acid  from  the  bases,  and  its  determination 
in  a state  of  combination. 

a.  Bunsens  method  (Ann.  der  Chem.  und.  Pharm.  86,  282). 

When  hot  hydrochloric  acid  is  made  to  act  upon  chlorates,  the  latter 
are  reduced ; as  this  reduction  is  not  attended  with  Separation  of  oxygen 
the  following  decompositions  may  take  place  : — 


C105 

HCl 


CIO 

C103 

HO 


C105  j 3 CIO  C105 
2 HCl  ) 2 HO  3 HCl 


( 2 CIO 
< 2 CI 

(3  HO 


CIO, 

4 HCl 


( CIO 
] 4 CI 
( 4 HO 


cio,  je  ei 

5 HCl  1 5 HO 


Which  of  these  products  of  decomposition  may  actually  be  formed, 
whether  all,  or  only  certain  of  them,  cannot  be  foreseen.  But  no  matter 
which  of  them  may  be  formed,  they  all  of  them  agree  in  this,  that  when 
in  contact  with  solution  of  iodide  of  potassium,  they  liberate  for  every 
equivalent  of  chloric  acid  in  the  chlorate,  six  equivalents  of iodine.  9516 
of  iodine  liberated  correspond  accordingly  to  943‘28  of  chloric  acid.  The 
analytical  process  is  conducted  exactly  as  described  in  the  determination 
of  chromic  acid  (compare  § 104,  d.  ß.). 

b.  The  bases  are  appropriately  determined  in  a separate  portion  by  Con- 
verting the  chlorate  into  Chloride,  either  by  very  cautious  ignition,  or  by 
heating  with  hydrochloric  acid. 


Appendix  : Determination  of  chlorous  and  hypochlorous  acids  in  their 
salts  (according  to  Bunsen). 

Mix  the  solution  of  the  salt  with  solution  of  iodide  of  potassium,  add 
hydrochloric  acid  to  slightly  acid  reaction,  and  determine  the  quantity  of 
iodine  separated,  as  directed  in  § 114,  Appendix. 

The  decompositions  which  ensue  in  the  process,  and  whereon  the  calcu- 
lations  are  to  be  based,  are  as  follow  : 

CIO -f  HCl +2  KI=2  KCl  4- HO + 2 I 

and 

C103  + 3HCl  + 4 KI=4  KCl 4- 3 HO 4- 4 I. 

Accordingly  two  equivalents  of  iodine=3172  correspond  to  one  equivalent 
of  hypochlorous  acid=543'28  ; and  four  equivalents  of  iodine  = 6344  to 
one  equivaleut  of  chlorous  acid=743’28. 
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SECTION  V. 

SEPARATION  OF  BODIES. 

§ 119. 

IIaving  thus  disposed  of  the  methods  which  serve  to  determine  the 
bases  and  acids  in  simple  Compounds,  we  will  now  proceed  to  discuss  the 
various  processes  wbicb  are  applied  to  effect  the  analysis  of  complex  Com- 
pounds or  mixtures,  and  the  determination  of  their  several  constituents, — 
in  other  words,  to  effect  the  Separation  of  bodies  from  one  another. 

This  end  may  be  attained  by  two  different  ways,  namely,  a.  by  the  way 
of  direct  analysis ; and  b.  by  that  of  indirect  analysis. 

By  direct  analysis,  we  understand  the  actual  Separation  of  the  several 
individual  acids,  or  bases  present  in  a compound,  or  mixture.  Thus  we 
separate  potassa  from  soda  by  means  of  bichloride  of  platiuum  ; copper 
from  bismuth  by  means  of  cyanide  of  potassium  ; arsenic  from  iron  by 
means  of  sulphuretted  liydrogen  ; iodine  from  chlorine  by  means  of  nitrate 
of  protoxide  of  palladium  ; phosphoric  acid  from  sulphuric  acid  by  means 
of  baryta  ; carbon  from  nitrate  of  potassa  by  means  of  water,  &c.,  &c. 
The  principle  of  the  methods  of  direct  analysis  is  accordingly  to  convert 
one  of  the  two  substances  which  it  is  intended  to  separate,  into  an  insoluble 
form,  under  circumstances  which  cause  the  solution  of  the  other,  or  vice 
versa.  This  mode  of  analysis  is  preferable  to  the  indirect  way,  and  there- 
fore  is  had  recourse  to  wherever  the  circumstances  of  the  case  will 
permit. 

We  term  an  analysis  indirect,  when  it  does  not  effect  the  actual  Separa- 
tion of  the  substances  which  we  wish  to  determine,  but  causes  certain 
changes  enabling  us  to  infer,  or  calculate  the  respective  quantities  of  the 
individual  bases,  or  acids  present  in  the  analysed  compound  or  mixture. 
Thus,  for  instance,  the  respective  quantities  of  potassa  and  soda  jointly 
present  in  a compound,  or  mixture,  may  be  estimated  by  converting  these 
two  bases  into  sulphates,  weighing  the  latter,  and  determining  the  propor- 
tion  of  sulphuric  acid  contained  in  them  (§  120,  3);  thus,  sesquioxide 
of  iron  may  be  estimated  in  presence  of  alumina,  by  weighing  the  mixed 
body,  tlien  determining  the  iron  by  analysis  by  measure,  and  calculatiug 
the  alumina  from  the  difference,  &c. 

Indirect  analysis,  thougli  applicable  in  an  exceedinglv  great  number  of 
cases,  is  generally  had  recourse  to  only  to  supply  the  deficiency  of  good 
methods  of  actual  Separation.  It  is  impossible  to  point  out  every  special 
case  in  which  indirect  analysis  may  be  preferable  to  direct  analysis  ; I 
have,  therefore,  confined  myself  to  the  indication  of  the  more  frequently 
occurring  instances.  For  the  calculations  of  indirect  analyses,  I generally 
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refer  to  Subdivision  B.  (Calculation  of  the  Results).  In  certain 
instances,  however,  I have  appended  the  mode  of  calculation  to  the 
description  of  the  process. 

For  the  sake  of  greater  perspicuity  and  simplicity,  I have  retained  our 
former  subdivision  iuto  groups,  and,  as  far  as  practicable,  systematically 
arranged,  first,  the  general  Separation  of  all  the  substances  belonging  to 
one  group  from  those  of  the  preceding  group,  or  groups  ; secondly,  the 
Separation  of  individual  substances  of  one  group  from  all  or  from  indivi- 
dual substances  of  the  preceding  group,  or  groups  ; and  thirdly  and  finally, 
the  Separation  of  substances  of  one  and  the  same  group  from  one  another. 
I think  I need  scarcely  observe  that  the  general  methods  whicli  serve  to 
separate  the  whole  of  the  substances  of  one  group  from  those  of  another 
group,  are  equally  applicable  to  the  Separation  of  every  individual  substance 
of  this  group  from  one  or  several  substances  of  the  other  group.  I beg, 
moreover,  to  remark  that  I do  not  intend  to  assert  that  the  special 
methods  given  subsequently  are  preferable  to  the  general  methods,  or 
that  no  other  methods  besides  those  which  I have  selected  for  description 
in  this  work,  might  not  be  applied  with  equal,  or  even  better  success  in 
special  cases.  A wide  field  is  left  open  here  to  individual  sagacity. 

In  my  selection  of  general  and  special  methods  from  the  great  number 
that  have  been  proposed,  I have  been  guided  entirely  by  experience,  and  I 
have  given  the  preference  invariably  to  those  which  yield  the  most  accurate 
results.  In  cases  where  two  equally  accurate  methods  presented  them- 
selves,  I have  either  given  both,  or  selected  the  more  simple  of  the  two. 
I have,  moreover,  endeavored  to  point  out,  as  far  as  possible,  the  par- 
ticular  circumstances  under  which  either  the  one  or  the  other  of  several 
methods  deserve  the  preference.  Methods  which  experience  has  shown 
to  be  defective,  or  fallacious  have  been  altogether  omitted. 

The  methods  given  in  this  work  are  based  in  general  upon  the  supposi- 
tion  that  the  base,  or  acid  to  be  separated  exists  in  the  free  state,  or  in  the 
form  of  a salt  soluble  in  water.  Wherever  this  is  not  the  case,  special 
mention  is  made  of  the  circumstance. 

Where  the  precision  of  an  analytical  method  has  been  established 
already,  in  Section  IV.,  no  furtlier  allusion  is  made  to  the  subject  here. 
Paragraphs  of  former  Sections  deserving  particular  attention  are  referred 
to  in  parentheses. 

The  extension  of  Chemical  Science  introduces  almost  every  day  new 
analytical  methods  of  every  kind,  which  are,  right  or  wrong,  preferred 
to  the  older  methods ; the  present  time  may  therefore  be  looked  upon 
in  this,  as  in  many  other  respects,  as  a period  of  transition,  in  which 
the  new  strives  with  more  tlian  usual  efforts  to  overcome  and  to  supplant 
the  old.  I make  this  remark  here,  to  show  the  impossibility  of  adding 
always  to  the  description  of  a method  an  opinion  of  its  usefulness  and 
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accuracy,  and  also  to  point  out  how  important  a proper  generalisation 
is  in  such  periods.  To  assist  the  Student  I have  in  this  Section  arranged 
the  various  analytical  methods  upon  the  basis  of  their  scientific  princi- 
ples,  firmly  persuaded  that  this  will  greatly  teud  to  facilitate  the  study 
of  the  methods,  and  will  lead  to  essays  to  apply  known  and  approved 
analytical  methods  to  other  bodies  besides  those  to  which  they  are  already 
applied,  or  to  discover  new  principles  where  experience  has  proved  the 
old  ones  fallacious,  and  the  methods  based  on  them  defective.  To 
enable  the  Student,  on  the  other  hand,  to  find  readily  the  methods 
adapted  to  effect  the  Separation  of  bodies,  I have,  wherever  I deemed  it 
necessary,  placed  at  the  head  of  the  several  paragraphs  an  index,  which 
I think  will  answer  the  purpose  of  a guide  in  this  respect. 

I conclude  this  introduction  to  Section  V.  with  the  important  caution 
to  the  Student,  never  to  look  upon  a Separation  as  successfully  elfected,  if 
he  has  not  convinced  himself,  by  the  proper  tests,  that  the  separated 
substances  are  actually  and  truly  free  from  the  least  traces  of  the  body 
or  bodies  from  which  they  have  been  separated. 


I.  SEPARATION  OF  THE  BASES  FROM  ONE  ANOTHER. 

FIRST  GROUP. 

POTASSA SODA AMMON  IA. 

§ 120. 

Index:  Potassa  from  soda : 1,  a. ; 3; — from  ammonia  : 2. 

Soda  from  potassa:  1,  a. ; 3 ; — from  ammonia:  1,  b. ; 2. 

Ammonia  from  potassa  : 2 ; — from  soda  : 1 , b.  ; 2. 

1.  Methods  based  upon  the  different  degrees  of  solubility  in  alcohol,  of 
the  double  chlorides  of  the  alkali  metals  with  bichloride  of  platinum. 

a.  Potassa  from  soda. 

It  is  an  indispensable  condition  in  this  method  that  the  two  alkalies 
should  exist  in  the  form  of  chlorides.  If,  therefore,  they  are  present  in 
any  other  form,  they  must  he  first  converted  into  chlorides,  which,  in 
rriost  cases,  may  he  done  hy  evaporation  with  hydrochloric  acid  in  excess  ; 
but  in  presence  of  sulphuric  acid,  phosphoric  acid,  and  horacic  acid,  this 
simple  way  will  not  suffice.  For  the  methods  of  separating  the  alkali 
from  the  two  latter  acids,  and  Converting  them  into  chlorides,  see  § § 1 OG 
and  107.  The  presence  of  sulphuric  acid  being  a circumstance  of 
rather  frequent  occurrence,  the  way  of  meeting  this  contingency  is  given 
below. 

Determine  the  total  quantity  of  the  chloride  of  sodium  and  chloride  of 
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potassium,*  dissolve  them  in  a small  portion  of  water,  add  an  aqueous 
solution  of  bichloride  of  platinum  in  excess,  evaporate  on  tlie  water-bath 
nearly  to  dryness,  treat  tbe  residue  witb  alcobol  of  from  76 — 80  per  cent., 
cover  tbe  beaker-glass  or  tbe  dish  witb  a glass  plate,  and  let  the  contents 
stand  a few  hours,  witb  occasional  stirring.  If  the  fluid  above  tbe  pre- 
cipitate  appears  of  a deep  yellow  color,  this  is  a proof  tliat  a sufficient 
quantity  of  bichloride  of  platinum  bas  been  used ; if  not,  another  portion 
of  it  must  be  added.  When  tbe  sodio-bichloride  of  platinum  has  com- 
pletely  dissolved,  and  the  potassio-bichloride  of  platinum  at  the  bottom 
of  the  glass  or  dish  appears  as  a heavy  yellow  powder,  with  no  crystal- 
line  scales  of  larger  size  discernible  in  it,  Alter  the  fluid  from  the  pre- 
cipitate,  and  treat  the  latter  as  directed  in  § 76.  The  quantity  of  the  soda 
is  usually  estimated  by  subtracting  from  the  united  weight  of  the  Chloride 
of  sodium  and  chloride  of  potassium  the  weight  of  the  latter,  deduced 
from  tliat  of  the  potassio-bichloride  of  platinum. 

To  make  quite  sure  that  the  potassa  has  completely  separated,  it  is 
advisable  to  add  to  the  filtrate  some  more  bichloride  of  platinum,  to 
evaporate  in  the  water-bath  to  dryness,  and  treat  the  residue  in  the  man- 
ner  just  described.  Should  this  Operation  again  leave  an  undissolved 
Sediment  of  potassio-bichloride  of  platinum,  let  the  separated  particles 
quietly  subside,  decant  the  yellow  fluid  off  from  the  trifling  precipitate, 
wash  the  latter  repeatedly  with  small  quantities  of  spirits  of  wine  by 
decantation,  tben  transfer  it  to  the  Alter  which  contains  the  principal 
precipitate,  and  wash  the  latter,  if  necessary,  again  once  or  twice  with  small 
quantities  of  spirits  of  wine. 

I prefer  this  way  to  ensure  the  complete  Separation  of  the  potassa,  to 
the  usual  process  of  evaporating  the  filtrate  to  dryness,  igniting  the  residue 
with  addition  of  some  oxalic  acid,  treating  with  water,  and  determining 
the  chloride  of  sodium  in  the  solution  obtained  ; since,  after  all,  theestima- 
tion  of  the  soda  here  is  only  apparently  direct : if  the  chloride  of  potas- 
sium has  not  completely  separated,  the  portion  still  remaining  in  the 
filtrate  will,  of  course,  be  obtained  now  with  the  chloride  of  sodium.  The 
latter  method  can  therefore  only  afford  a control,  whether  or  not  the  Ope- 
ration has  been  attended  with  loss  of  substanee. 

Should  the  solution  contain  sulphuric  acid,  it  may  be  in  presence  of  clilo- 
rine,  or  of  some  volatile  acid,  convert  the  alkalies  first  into  neutral  sul- 
phates  (§§  76  and  77),  and  weigh  them  in  that  form.  Dissolve  them 
in  a little  water,  and  add  an  alcoholic  solution  of  chloride  of  stron- 


* Ne ver  weigh  the  chlorides  of  the  alkali  metals  before  yo«  have  convinced  yourself  of  their 
purity  by  dissolving  them  in  water,  which  should  give  a clear  solution,  and  testing  this  solu- 
tion with  ammonia  and  carbonate  of  ammonia,  which  must  throw  down  no  precipitate.  It 
may  be  thought,  perhaps,  that  a matter  so  simple  need  not  be  mentioned  here  ; still  I have 
found  that  neglect  in  this  respect  is  by  no  means  uncommon. 
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tium,  taking  care  to  let  the  latter  but  little  predominate. — The  quantity 
of  spirits  of  wine  in  the  fluid  must  be  kept  within  limits  which  will  not 
permit  the  Separation  of  Chloride  of  sodium,  or  Chloride  of  potassium. — 
Allow  it  to  deposit,  Alter,  and  wash  the  sulphate  of  strontia  (which  may  be 
weighed,  as  a control  of  the  analysis — compare  § 120,  3)  with  weak 
spirits  of  wine  as  long  as  the  washing  leaves  a residue  upon  evaporation 
on  a watch-glass  ; evaporate  the  filtrate  nearly  to  dryness,  adding  in  the 
last  stage  bichloride  of  platinum  in  excess,  and  proceed  as  directed  in  the 
preceding  part.  The  minute  portion  of  chloride  of  Strontium  added  in 
excess,  dissolves,  either  in  that  form,  or  as  strontio-bicliloride  of  plati- 
num, together  with  the  sodio-bichloride  of  platinum,  in  spirits  of  wine. 

Instead  of  this,  the  following  method  may  also  be  employed.  Dissolve 
the  weighed  sulphates  of  the  alkalies  in  water,  add  solution  of  acetate  of 
baryta  (free  from  chloride  of  barium),  in  the  least  possible  excess,  allow  it 
to  deposit,  Alter,  evaporate  the  filtrate  to  dryness,  ignite  the  residue,  treat 
it  with  water,  saturate  cautiously  with  hydrochloric  acid,  and  treat  the 
solution  of  the  Chlorides  of  the  alkali  metals,  as  directed  above.  Instead 
of  acetate  of  baryta,  you  may  also  use  acetate  of  lead,  removing  the  excess 
of  lead  by  sulphuretted  hydrogen  and  evaporating  the  filtrate  with  hydro- 
chloric acid  to  dryness  ( L . Smith).  Or  you  may  mix  the  sulphates  with 
chloride  of  ammonium  in  powder,  in  a crucible,  ignite,  add  a few  drops  of 
water  and  again  some  chloride  of  ammonium,  ignite  once  more,  and  repeat 
this  until  the  weight  remains  constant  ( H . Rose). 

Repeated  experiments  have  shown  that  the  process  of  separating  potassa 
and  soda,  as  described  above,  gives  always  a little  less  potassa  than  is 
really  present.  If  the  process  is  properly  conducted,  the  loss  of  potassa 
amounts  to  about  one  per  cent.  I have  found  that  the  loss  is  usually 
greater  where  the  concentrated  solution  of  the  metallic  Chlorides  is  mixed 
with  bichloride  of  platinum,  and  then  with  a rather  large  quantity  of 
alcohol. 

h.  AMMONIA  FROM  SODA. 

The  process  is  conducted  exactly  as  in  a.  See  also  § 78,  2. 

2.  Methods  based  upon  the  volatility  of  ammonia  and  its  salts. 

AmMONIA  FROM  SODA  AND  POTASSA. 

a.  The  salts  of  the  alkalies  to  be  separated  contain  the  sarne  volatile 
acid,  and  admit  of  the  total  expulsion  of  their  water  by  drying  at  212°, 
without  losing  ammonia  ( e . g.  the  metallic  Chlorides). 

Weigh  the  total  mass  of  the  salts  in  a platinum  crucible,  and  heat  with 
the  lid  on,  gently  at  first,  but  ultimately  for  some  time  to  faint  redness  ; 
let  the  mass  cool,  and  weigh.  The  decrease  of  weight  gives  the  quantity 
of  the  ammonia  salt.  If  the  acid  present  is  sulphuric  acid,  you  must,  in 
the  first  place,  take  care  to  heat  very  gradually,  as  otherwise  you  will  suffer 
loss  from  the  decrepitation  of  the  sulphate  of  ammonia ; and  in  the 
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second  place,  bear  in  mind  that  part  of  the  sulphuric  acid  of  the  sulphate 
of  ammonia  remains  with  the  sulphates  of  the  fixed  alkalies,  and  that 
you  must  accordingly  convert  thern  into  neutral  salts,  by  ignition  in  an 
atmosphere  of  carbonate  of  ammonia,  before  proceeding  to  determine  their 
weight  (compare  §§76  and  77).  Chloride  of  ammonium  cannot  be  sepa- 
rated  in  tbis  manner  from  sulphates  of  the  fixed  alkalies,  as  it  converts 
tliem,  upon  ignition,  partly  or  totally  into  Chlorides. 

b.  Some  one  or  other  of  the  conditions  given  in  a.  is  not  fulflled. 

If  it  is  impracticable  to  alter  the  circumstances  by  simple  means  so 
as  to  make  the  method  a.  applicable,  the  fixed  alkalies  and  the  ammonia 
must  be  estimated  separately  in  different  portions  of  the  compound  under 
examination.  The  portion  in  which  it  is  intended  to  determine  the  soda 
and  potassa,  is  ignited,  until  the  ammonia  is  completely  expelled.  The 
fixed  alkalies  are  converted,  according  to  circumstances,  into  Chlorides  or 
sulphates,  and  treated  as  directed  § 120,  1.  The  ammonia  is  estimated  in 
anotlier  portion,  in  the  manner  directed  § 78,  3. 

3.  Indirect  methods. 

Of  course,  of  these  a great  many  may  be  devised  ; but  the  following  is 
generally  employed. 

Potassa  from  soda. 

Both  alkalies  are  converted  into  neutral  sulphates  (§§  76  and  77),  and 
weighed  in  that  form  ; the  amount  of  sulphuric  acid  in  tliem  is  estimated 
(§  105)  ; and  the  respective  quantities  of  the  soda  and  potassa  are  calcu- 
lated  from  these  data  (see  below  “ Calculation  of  the  Analyses,”  § 168). 

SECOND  GROUP. 

BARYTA — STRONTIA LIME MAGNESIA. 

I.  Separation  of  the  oxides  of  the  second  group  from 

THOSE  OF  THE  FIRST. 

§ 121. 

Index : Baryta  from  potassa  and  soda:  A.  1,  B.  1 ; — from  ammonia:  A.  2. 

Strontia  from  potassa  and  soda  : A.  1,  B.  2 ; — from  ammonia  : A.  2. 

Lime  from  potassa  and  soda : A.  1,  B.  3 ; — from  ammonia  : A.  2. 

Magnesia  from  potassa  and  soda  : A.  1,  B.  4 ; — from  ammonia  : A.  2. 

A.  General  method. 

1.  The  whole  of  the  alkaline  earths  from  potassa  and 

SODA. 

Vrinciple  on  which  the  method  is  based : Carbonate  of  ammonia  preci- 
pitates  from  a solution  containing  chloride  of  ammonium,  only  baryta, 
strontia,  and  Urne  ; and  chloride  of  magnesium  is  decomposed  by  oxide  of 
mercury. 


284 


SEPARATION  OF  THE  BASES. 


[§  121‘ 


Mix  the  solution,  in  which  the  bases  are  assumed  to  be  contained  in  the 
form  of  chlorides,  with  a sufficient  quantity  of  chloride  of  ammonium  to 
prevent  the  precipitation  of  the  magnesia  by  ammonia ; add  some  ammo- 
nia,  tben  carbonate  of  ammonia  in  slight  excess,  let  the  mixture  stand 
covered  for  tvvelve  hours  in  a moderately  warm  place,  filter,  and  wash  the 
precipitate  with  water  to  which  a few  drops  of  ammonia  have  been  added. 

The  precipitate,  which  contains  the  baryta,  strontia,  and  Urne,  is  treated 
as  directed  in  §>  122  ; the  filtrate  contains  the  magnesia  and  the  alkalies, 
and,  besides  these,  exceedingly  minute  traces  of  lime,  and  somewhat  more 
considerable  traces  of  baryta,  as  the  carbonates  of  these  two  earths  are 
not  absolutely  insoluble  in  a fluid  containing  chloride  of  ammonium.  In 
ordinary  analyses  these  minute  admixtures  may  be  disregarded  ; but  in 
cases  where  a higher  degree  of  accuracy  is  required,  they  must  be  re- 
rnoved.  To  accomplish  this,  add  to  the  filtrate  three  or  four  drops  (but 
not  much  more)  of  dilute  sulphuric  acid,  then  a few  drops  of  oxalate  of 
ammonia,  and  let  the  fluid  stand  again  for  twelve  hours  at  a gentle  heat. 
If  a precipitate  forms,  collect  this  on  a small  filter,  wash  it,  and  treat  it  on 
the  filter  with  some  dilute  hydrochloric  acid,  which  dissolves  the  oxalate 
of  lime,  and  leaves  the  sulphate  of  baryta  undissolved. 

Evaporate  the  filtrate  containing  the  magnesia  and  the  alkalies  accord 
ing  to  circumstances,  either  at  once  or  after  previous  removal  of  the 
traces  of  lime  and  baryta,  to  dryness,  and  remove  the  ammonia  salts  by 
gentle  ignition  in  a covered  crucible,  or  in  a covered  small  dish  of  platinum 
or  porcelain.*  Heat  the  residue  with  some  water  (in  which  it  dissolves 
with  the  exception  of  a little  magnesia,  which  separates),  add  some  most 
minutely  divided  oxide  of  mercury,  diffused  in  water,  and  proceed  exactly 
as  directed  § 82,  3,  b. 

In  the  fluid  filtered  from  the  magnesia,  determine  the  alkalies  as 
directed  § 120.  This  method  of  Berzelius,  to  separate  magnesia  and  the 
alkalies,  gives  good  results.  Do  not  make  the  labor  of  the  process  more 
difficult  than  need  be,  by  adding  more  oxide  of  mercury  than  is  necessary  ; 
but  for  precaution’s  sake,  always  test  the  solution  of  the  chlorides  of  the 
alkali  metals  for  magnesia. 

2.  The  whole  of  the  alkaline  earth  from  ammonia. — The 
same  principle  and  the  same  process,  as  in  the  Separation  of  potassa  and 
soda  from  ammonia  (see  § 120). 

B.  Special  methods. 

SINGLE  ALKALINE  EARTHS  FROM  POTASSA  AND  SODA. 

1.  Baryta  from  potassa  and  soda. 

' This  Operation  effects  also  the  removal  of  the  small  quantity  of  sulphuric  acid  added  to 
precipitate  the  traces  of  baryta,  as  sulphates  of  the  alkalies  are  converted  into  chlorides  of 
the  alkali  metals  upon  ignition  in  presence  of  a large  proportion  of  chloride  of  ammonium. 
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Precipitate  the  baryta  with  dilute  sulphuric  acid  (§  79,  1,  u ),  evaporate 
tlie  filtrate  to  dryness,  and  ignite  the  residue,  with  addition  of  carbonate 
of  ammonia  (§  76,  1 — 77,  4).  Take  care  to  add  a sufficient  quantity  of 
sulphuric  acid  to  convert  the  alkalies  also  completely  into  sulphates. 

This  method  is,  on  account  of  its  greater  accuracy,  preferable  to  the 
one  in  A.,  in  cases  where  the  baryta  bas  to  be  separated  ouly  from  one  of 
the  two  fixed  alkalies  ; but  if  both  alkalies  are  present,  the  other  method 
is  more  convenient,  since  the  alkalies  are  obtained  in  it  as  Chlorides. 

2.  Strontia  from  potassa  and  SODA. 

Strontia  may  be  separated  from  the  alkalies,  like  baryta,  by  means  of 
sulphuric  acid  ; but  this  method  (precipitation  of  the  strontia  as  sulphate) 
is  not  preferable  to  the  one  in  A.,  is  cases  where  the  clioice  is  permitted 
(compare  § 80). 

3.  Lime  from  potassa  and  soda. 

Precipitate  the  lime  with  oxalate  of  ammonia  (§  81,  2,  b.  a.),  filter, 
evaporate  the  filtrate  to  dryness,  and  determine  the  alkalies  in  the 
ignited  residue.  In  determining  the  alkalies,  dissolve  the  residue  freed 
by  ignition  from  the  ammonia  salts,  in  water,  and  filter  the  solution  from 
the  undissolved  Sediment ; acidulate  the  filtrate  with  hydrochloric  acid 
or  sulphuric  acid,  as  the  case  may  be,  and  then  evaporate  to  dryness : 
since  oxalate  of  ammonia  partially  decomposes  Chlorides  of  the  alkali 
metals,  upon  ignition,  and  converts  the  bases  into  carbonates,  except  in 
presence  of  a large  proportion  of  chloride  of  ammonium.  The  results  are 
still  more  accurate  than  in  x\.,  except  where  oxalate  of  ammonia  has  been 
used,  after  the  precipitation  by  carbonate  of  ammonia,  to  remove  the 
minute  traces  of  lime  from  the  filtrate. 

4.  Magnesia  from  potassa  and  soda. 

a.  Methods  based  upon  the  sparing  solubility  of  magnesia  in  water. 

a.  Make  a solution  of  the  bases,  as  neutral  as  possible,  and  free  from 
ammonia  salts  (whether  the  acid  is  sulphuric  acid,  hydrochloric  acid,  or 
nitric  acid,  is  indifferent),  add  baryta-water  as  long  as  a precipitate  continues 
to  form,  heat  to  boiling,  filter  the  fluid  off  from  the  precipitate,  and  wash 
the  latter  with  boiling  water.  The  precipitate  contains  the  magnesia  as 
hydrated  oxide  ; the  magnesia  is  determined  either  as  directed  in  § 82, 
1,  b.,  or  the  precipitate  is  dissolved  in  hydrochloric  acid,  the  baryta  thrown 
down  with  sulphuric  acid,  and  the  magnesia  as  phosphate  of  magnesia 
and  ammonia  (82,  2).  The  alkalies  which,  according  to  circumstances, 
are  in  the  solution  as  Chlorides,  nitrates,  or  caustic  alkalies,  are  separated 
from  the  baryta  as  directed  in  A.  or  B.  1.  Liebig,  who  was  the  first  to 
employ  this  method,  proposes  crystallised  sulphide  of  barium  as  precipi- 
tant.  The  method  gives  good  results,  but  is  a little  tedious. 

ß.  Precipitate  the  solution  with  a little  pure  milk  of  lime,  boil,  filter,  and 
wash.  Separate  the  lime  and  the  magnesia  in  the  precipitate,  as  directed 
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§ 122  ; the  lime  and  the  alkalies  in  the  filtrate,  as  directed  in  A.  or  B.  3. 
This  method  is  advantageously  employed  in  cases  where  it  is  desirable  to 
remove  tlie  magnesia  from  a fluid  containing  lime,  and  alkalies,  which  latter 
alone  it  is  intended  to  determine. 

b.  Methods  based  upon  the  sparing  solubility  of  carbonate  of  magnesia. 

a.  Convert  into  Chlorides,  ignite  gently,  dissolve  in  water,  and  boil  with 

carbonate  of  silver  diffused  in  water  (prepared  by  precipitating  nitrate  of 
silver  with  carbonate  of  ammonia,  and  washing  the  precipitate),  until  the 
supernatant  fluid  shows  strongly  alkaline  reaction.  Filter  off  the  fluid  hot, 
remove  the  trace  of  the  salt  of  silver  which  may  have  dissolved,  with 
hydrochloric  acid,  Alter,  and  determine  the  alkalies,  as  directed  § 120. 
Treat  the  precipitate  with  warm  hydrochloric  acid,  and  throw  down  the 
magnesia  as  directed  in  § 82,  2 ( Sonnenschein ).* 

ß.  Convert  into  nitrates,  heat  them  gently  in  a platinum  dish,  add  some 
water,  then  pure  crystallised  oxalic  acid  in  excess,  and  evaporate.  Düring 
the  evaporation,  nitric  acid  is  evolved,  and  ultimately  hydrate  of  oxalic  acid 
sublimes  on  the  sides  of  the  dish.  Decompose  the  oxalates  by  ignition, 
and  separate  the  pure  magnesia  and  the  carbonate  of  magnesia  from  the 
carbonates  of  the  alkalies,  by  boiling  water  (Deville.). f 

c.  Method  based  upon  the  precipitation  of  magnesia  by  phosphate  of 
ammonia , or  arseniate  of  ammonia. 

Add  to  the  solution  containing  magnesia,  potassa,  and  soda,  ammonia  in 
excess,  and  some  chloride  of  ammonium,  should  this  not  be  present  already  ; 
precipitate  the  magnesia  with  phosphate  of  ammonia  (free  from  soda), 
added  in  slight  excess.  Filter,  remove  the  free  ammonia  from  the  filtrate 
by  evaporation,  and  then  precipitate  the  phosphoric  acid  with  acetate  of 
lead  as  a combination  of  phosphate  of  lead  and  chloride  of  lead.  Re- 
move the  excess  of  oxide  of  lead  from  the  still  hot  fluid,  with  ammonia 
and  carbonate  of  ammonia,  Alter,  and  determine  the  potassa  and  soda 
in  the  filtrate  as  directed  §§  76  and  77  ( O . L.  Erdmann, X Heintz ||).  I 
cannot  concede  the  preference  to  this  method  over  the  one  of  Berzelius, 
given  in  A.  The  following  process  is  much  more  simple : precipitate 
the  magnesia,  instead  of  with  phosphate  of  ammonia,  with  arseniate  of 
ammonia,  and  estimate  it  as  arseniate  of  magnesia  and  ammonia,  as 
directed  § 102.  2.  Evaporate  the  filtrate  to  dryness,  and  heat  the  re- 
sidue  in  a porcelain  crucible.  Should  the  mass  not  have  contained 
sufficient  chloride  of  ammonium,  add  some  of  the  latter  substance  to  the 
residue,  and  then  ignite  once  more.  As  this  Operation  effects  the  ready 

* Pogg.  Anna!.  74,  313.  Liebig  and  Kopp's  Annual  Report  1847  and  1848,  227. 

f Journ.  f.  prakt.  Chem.  1853.  60,  17. 

J Journal  f.  prakt.  Chem.  41,  89. 

H Pogg  73,  119.  Liebig  and  Kopfs  Annual  Report.  1847  and  1848,  226. 
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and  complete  volatilisation  of  the  arsenic  acid,  the  alkalies  are  left  behind 
as  pure  Chlorides.  I need  hardly  raention  that  proper  arrangements  to 
secure  the  safe  removal  of  the  arsenical  fumes  are  indispensable. 


II.  Separation  of  the  oxides  of  the  second  group  from  each 

OTHER. 


§ 122. 

Index  : Baryta  from  strontia : B.  1 ; — from  lime  : B.  1 and  2 ; — from 
magnesia  : A.  B.  2. 

Strontia  from  baryta  : B.  1 ; — from  lime  : B.  4 and  5 ; — from 
magnesia : A. 

Lime  from  baryta:  B.  1 and  2 ; — from  strontia:  B.  4 and  5; — 
from  magnesia  : A.  B.  3. 

Magnesia  from  baryta  : A.  B.  2 ; — from  strontia  : A.  ; — from 
lime : A.  B.  3. 

A.  General  Method. 

THE  WHOLE  OF  THE  ALKALINE  EARTHS  FROM  EACH  OTHER. 

Troceed  as  in  § 121,  A.  1.  The  magnesia  is  precipitated  from  the 
filtrate  with  phosphate  of  soda.  The  precipitated  carbonates  of  the 
baryta,  strontia,  and  lime,  are  dissolved  in  hydrochloric  acid,  and  the 
bases  separated  as  directed  in  B.  1. 

B.  Special  Methods. 

1.  Methods  based  upon  the  insolubility  of  the  silicofluoride  of  b avium. 

Baryta  from  strontia  and  from  lime. 

Mix  the  neutral  or  slightly  acid  solution  with  hydrofluosilicic  acid  in  ex- 
cess,  add  a volume  of  spirits  of  wine,  equal  or  somewhat  inferior  to  that  of 
the  fluid  ( H . Rose),  let  the  mixture  stand  twelve  hours,  Alter  the  precipi- 
tate  of  silicofluoride  of  barium  on  a weighed  Alter,  wash  it  with  a mixture 
of  equal  parts  of  water  and  spirits  of  wine,  until  the  washings  cease  to 
show  even  the  least  trace  of  acid  reaction  (but  no  longer),  antl  dry  it  at 
212°.  Precipitate  the  strontia,  or  lime  from  the  filtrate  by  dilute  sulphuric 
acid  (§  80,  1,  a,  and  § 81,  ]).  The  results  are  satisfactory.  For  the 
properties  of  the  silicofluoride  of  barium,  see  § 50.  If  both  strontia  and 
lime  are  present,  the  sulphates  are  weighed,  converted  into  carbonates 
(§  105,  II.  b.),  and  the  two  bases  are  then  separated  as  directed  in  4 
or  5. 

2.  Methods  based  upon  the  insolubility  of  sulphate  of  baryta. 

a.  Baryta  from  magnesia. 
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Precipitate  the  baryta  with  sulphuric  acid  (§  79,  1,  a.),  and  the  mag- 
nesia  from  the  fil träte  witli  phosphate  of  soda  and  ammonia  (§  82,  2). 

b.  Baryta  from  lime. 

Mix  the  solution  with  hydrochloric  acid,  then  with  highly  dilute  sul- 
phuric acid  (1  part  acid  to  300  water),  as  long  as  a precipitate  continues 
to  form ; allow  it  to  deposit,  and  determine  the  sulphate  of  baryta  as 
directed  in  § 79,  1,  a.  Add  to  the  filtrate  the  washings  concentrated  pre- 
viously  by  evaporation,  neutralise  the  acid  with  ammonia,  and  precipitate 
the  lime  as  oxalate  (§  81,  2,  b.  a.).  The  results  are  accurate. 

3.  Methods  based  upon  the  insolubility  of  oxalate  of  lime  in  chloride  of 
ammonium  and  in  acetic  acid. 

Lime  from  Magnesia. 

a.  Mix  the  properly  diluted  solution  with  sufficient  chloride  of  ammo- 
nium to  prevent  the  formätion  of  a precipitate  by  ammonia,  which  latter 
reagent  is  added  in  very  slight  excess ; then  add  oxalate  of  ammonia  as 
long  as  a precipitate  continues  to  form,  let  the  mixture  stand  twelve  hours 
at  a gentle  heat,  and  then  filter  off  the  fluid  from  the  oxalate  of  lime,  which 
latter  treat  as  directed  § 81,  2,  b.  a.  When  you  begin  washing  the  pre- 
cipitated  oxalate  of  lime  on  the  filter,  remove  the  vessel  with  the  filtrate, 
and  replace  it  by  an  empty  vessel  to  receive  the  washings  ; concentrate 
the  latter  subsequently  by  evaporation,  adding,  in  the  last  stage  of  this 
process,  some  hydrochloric  acid  in  excess  ; and  then  add  the  concentrated 
fluid  to  the  filtrate,  and  precipitate  the  magnesia  as  directed  § 82,  2. 

b.  In  the  case  of  lime  and  magnesia  combined  with  pliosphoric  acid, 
dissolve  in  the  least  possible  quantity  of  hydrochloric  acid,  add  ammonia, 
until  a permanent  precipitate  forms  ; redissolve  this  by  addition  of  acetic 
acid,  and  precipitate  from  the  solution  the  lime  with  oxalate  of  ammonia 
(§81,2,ö.  ß.) ; precipitate  the  magnesia  from  the  filtrate  as  directed  § 82,  2. 

4.  Methods  based  upon  the  insolu  bility  of  nitrate  of  strontia  in  alcohol. 

Strontia  from  lime. 

Treat  the  nitrates  with  absolute  alcohol.  Filter  the  fluid  from  the  un- 
dissolved  nitrate  of  strontia,  wash  the  latter  with  alcohol,  dissolve  it  in 
water,  anpl  determine  it  as  sulphate  of  strontia  (§  80,  1).  Precipitate  the 
lime  from  the  filtrate  by  sulphuric  acid.  The  results  are  approximate. 
This  method  is  applicable  only  where  the  proportion  of  lime  is  large,  that 
of  strontia  small. 

5.  Indirect  method. 

Strontia  and  lime. 

Determine  both  bases  first  as  carbonates,  then  as  sulphates  (§§  80,  81), 
and  calculate  the  amount  of  both  from  the  data  found. 
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THIRD  GROUP. 

ALUMINA SESQUIOXIDE  OF  CHROMIUM. 

I.  Separation  of  the  oxides  of  the  third  group  from  the 

ALKALIES. 

§ 123. 

1.  From  ammonia. 

a.  Salts  of  alumina  and  of  sesquioxide  of  chromium  may  be  separated 
from  salts  of  ammonia  by  ignition.  However,  in  the  case  of  alumina,  tbis 
method  is  applicable  only  in  the  absence  of  chlorine  (volatilisation  of 
Chloride  of  aluminium).  The  safest  way,  therefore,  is  to  mix  the  com- 
pound, with  carbonate  of  soda,  previonsly  to  ignition. 

b.  Determine  the  ammonia  by  Schlösing's  method  (§  78,  3).  If  the 
ammonia  is  expelled,  instead  of  with  milk  of  lime,  with  hydrate  of  potassa — 
of  wliich  a lump  is  laid  on  a tripod,  close  over  the  fluid,  so  that,  in  pro- 
portion  as  it  absorbs  moisture,  it  drips  into  the  latter — alumina  and  ses- 
quioxide of  chromium  may  be  determined  without  difficulty  in  presence  of 
each  other  (as  directed  2). 

2.  From  potassa  and  soda. 

a.  Mix  the  solution  with  some  chloride  of  ammonium ; add  am- 
monia to  alkaline  reaction,  heat  some  time,  and  Alter.  Alumina  and 
sesquioxide  of  chromium  are  precipitated  as  hydrates  (§  83,  a.,  and 
§ 84,  l,a.);  the  filtrate  contains  the  alkalies,  wliich  are  then  freed  from 
the  salt  of  ammonia  formed,  by  evaporation  to  dryness,*and  ignition. 

b.  Alumina  may  be  separated  also  from  potassa  and  soda,  by  heating 
the  nitrates  of  the  three  bases  (see  § 124,  1,  A.  2). 

II.  Separation  of  the  oxides  of  the  third  group  from  the 

ALKALINE  EARTHS. 

§ 124. 

Index:  1.  Alumina  from  baryta : A.  1 and  2 ; B.  1 and  3; — from 
strontia : A.  1 and  2 ; B.  1 and  3; — from  lime:  A.  1 
and  2;  B.  1,  2,  3 ; — from  magnesia  : A.  1 and  2 ; B. 

1 and  2. 

2.  Sesquioxide  of  chromium  from  the  alkaline  earths. 

1.  Separation  of  alumina  from  the  alkaline  earths. 

A.  General  methods. 

The  whole  of  the  alkaline  earths  from  alumina. 

1 . Method  based  upon  the  precipitation  of  alumina  by  ammonia,  and 
upon  its  solubility  in  solution  of  soda. 
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Mix  the  solution  with  chloride  of  ammonium,  and  add  pure  ammonia, 
(free  from  carbonic  acid)  to  feeble  predominance  ; heat  the  fluid  in  a well- 
covered  beaker  for  some  time  gently,  Alter  from  the  precipitate  (taking 
care  to  prevent  the  access  of  the  carbonic  acid  of  the  atmosphere  by  . 
keeping  the  funnel  covered  with  a glass-plate),  and  wash  rapidly  with  hot 
water.  The  solution  contains  the  baryta,  strontia,  and  lime,  with  the 
greater  part  of  the  magnesia,  a small  portion  of  the  maguesia  being  with 
the  hydrate  of  alumina,  in  combination.  The  precipitate  often  contains, 
notwithstanding  every  precaution  used  to  avoid  it,  minute  quantities  of 
carbonates  of  baryta,  strontia,  and  lime.  Dissolve  the  hydrate  of  alumina 
in  hydrochloric  acid,  by  transferring  the  hydrate  with  a spatula  as  far  as 
practicable  into  a platinum  or  porcelain  dish,  treating  the  Alter  with  warm 
hydrochloric  acid,  to  extract  the  last  adhering  particles  of  the  hydrate,  and 
employing  the  hydrochloric  acid  running  otf,  to  eflect  the  solution  of  the 
precipitate  in  the  dish  ; add  to  the  fluid  pure  solution  of  soda  or  potassa 
(compare  § 128,  B.  1,  a,  note),  until  the  precipitate  of  hydrate  of  alumina 
which  first  forms,  is  redissolved,  heat,  Alter  off  hot  from  the  hydrate  of 
magnesia  which  separates,  wash  the  latter  carefully  with  hot  water,  dis- 
solve it  in  some  hydrochloric  acid,  and  add  the  solution  to  the  Altrate  of 
the  Arst  Operation,  which  contains  the  larger  portion  of  the  magnesia.  It 
will  be  seen  that  in  this  way  the  minute  quantities  of  carbonates  of  bartya, 
strontia,  and  lime,  which  liave  precipitated  with  the  hydrate  of  alumina, 
are  restored  to  the  bulk  of  these  substances  in  that  Altrate.  The  further 
Separation  of  the  alkaline  earths  is  effected  as  directed  § 122.  The  alu- 
mina is  precipitated  from  the  alkaline  solution  by  strongly  acidulating 
with  hydrochloric  acid,  boiling  with  some  chlorate  of  potassa  (to  destroy 
the  traces  of  organic  matters  which  the  solution  of  soda  or  potassa  has 
dissolved  from  the  Alter,  and  which  interfere  with  the  precipitation  of  the 
alumina)  and  then  adding  ammonia  (§  83,  ä). 

2.  Method  based  upon  the  unequal  decornposability  of  the  nitrates  at 
a moderate  heat  ( Deville ).* 

To  rnake  this  method  applicable,  the  bases  must  be  present  as  pure 
nitrates.  Evaporate  to  dryness  in  a covered  platinum  dish,  and  heat 
gradually,  in  the  sand,  or  air-bath,  to  about  from  390°  to  480",  until  a glass 
rod,  moistened  with  ammonia,  ceases  to  indicate  further  evolution  of  nitric 
acid  fumes.  You  may  also,  without  risk,  continue  to  heat  until  nitrous 
acid  vapors  form.  The  residue  consists  of  alumina,  nitrates  of  baryta, 
strontia,  and  lime,  nitrate  and  basic  nitrate  of  magnesia. 

Moisten  tbe  mass  with  a concentrated  solution  of  nitrate  of  ammonia, 
and  heat.  Repeat  this  Operation  until  no  further  evolution  of  ammonia  is 
perceptible.  (The  basic  nitrate  of  magnesia,  insoluble  in  water,  dissolves 

* Journal  f.  prakt.  Chem.  1853,  60,  9. 
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in  nitrate  of  ammonia,  with  evolution  of  ammonia,  as  neutral  nitrate  of 
magnesia.)  Add  water,  and  let  the  mixture  digest  at  a gentle  heat. 

If  the  nitrate  of  ammonia  kas  liberated  only  imperceptible  traces  of 
ammonia,  pour  hot  water  into  the  dish,  stir,  and  add  a drop  of  dilute 
ammonia ; this  must  cause  no  turbidity  in  the  fluid ; should  the  fluid 
become  turbid,  this  proves  that  the  keating  of  the  nitrates  has  not  been 
continued  long  enough  ; in  which  case  you  must  again  evaporate  the  Con- 
tents of  the  dish,  and  heat  once  more. 

The  alumina  remains  undissolved  in  the  form  of  a dense  granulär 
substance.  Decant  after  digestion,  and  wash  with  boiling  water ; ignite 
strongly  in  the  same  vessel  in  which  the  Separation  has  been  effected,  and 
weigh.  Separate  the  alkaline  earths  as  directed  § 122.  In  the  same  way 
alumina  may  be  separated  also  from  potassa  and  soda. 

B.  Special  methods. 

SoME  OF  THE  ALKALINE  EARTHS  FROM  ALUMINA. 

1.  Methods  based  upon  the  precipitation  of  alumina  hy  ammonia . 

Alumina  from  lime,  baryta,  strontia. 

The  method  A.  1,  is  modified  as  follows  : mix  the  warm  fluid  with 
Chloride  of  ammonium  and  ammonia  (free  from  carbonic  acid),  place  the 
vessel  on  a dish  containing  some  solution  of  soda,  milk  of  lime,  or  solution 
of  ammonia,  and  invert  a bell-glass  over  it ; wait  until  the  alumina  has  sub- 
sided.  Decant  the  elear  fluid  now  rapidly  into  auother  beaker-glass,  treat 
the  alumina  with  boiling  water,  stir,  and  replace  the  beaker  under  the  bell- 
glass.  Filter  the  decanted  fluid.  Repeat  this  Operation  three  times.  Now 
change  the  vessel  under  the  funnel,  pour  some  warm  hydrocliloric  acid 
over  the  Alter,  wash  it,  heat  the  solution  so  obtained  of  the  trifling  Con- 
tents of  the  Alter  to  boiling,  and  precipitate  the  trace  of  alumina,  which 
may  chance  to  be  present,  with  ammonia ; Alter  the  fluid,  transfer  also  to 
the  Alter  the  main  bulk  of  the  hydrate  of  alumina,  and  wash  with  hot 
water.  In  this  manner  the  adverse  influence  of  the  carbonic  acid  of  the  atmo- 
sphere  may  be  entirely  avoided.  Or,  precipitate  as  in  A.  1,  Alter,  wash 
the  precipitate  twice,  or  three  times  with  hot  water,  then  dissolve  it  in 
hydrocliloric  acid,  heat  the  solution  to  boiling,  reprecipitate  with  ammo- 
nia, allow  it  to  deposit,  Alter,  and  add  the  flltrate,  which  now  contains  the 
trace  of  lime  thrown  down  with  alumina  in  the  Arst  precipitation,  to  the 
Altrate  of  the  Arst  Operation,  which  contains  the  principal  bulk  of  the  lime. 
This  latter  modiflcation,  A.  1,  is  advantageously  resorted  to  in  cases  wliere 
the  quantity  of  alumina  is  small,  tliat  of  lime  large. 

2.  Methods  based  upon  the  precipitation  of  alumina  by  bicarbonate  of 
soda  or  carbonate  of  baryta. 

a.  Alumina  from  magnesia  (and  from  small  portions  of  lime). 

Add  to  the  somewkat  dilute,  moderately  acid  solution,  in  a flask  or 
beaker  with  a cover,  a cold  prepared  solution  of  bicarbonate  of  potassa  or 

u 2 


292 


SEPARATION  OF  THE  BASES. 


[§  124. 


soda,  as  long  as  effervescence  ensues  and  a precipitate  continues  to  form  ; 
allow  the  fluid  to  stand  twelve  hours,  then  decant,  Alter  (§  31),  and  wash 
with  water  containing  carbonic  acid.*  The  precipitate  is  hydrate  of  alu- 
mina  containing  an  admixture  of  alkali ; the  whole  of  the  magnesia  is  in 
tlie  solution.  Dissolve  in  hydrochloric  acid,  and  throw  down  the  alu- 
mina  with  ammonia,  after  addition  of  chloride  of  ammonium,  in  the 
manner  directed  § 83,  a.  Precipitate  the  magnesia  from  the  solution  as 
basic  pliosphate  of  magnesia  and  ammonia  (§  82,  2).  The  results  are 
accurate. 

This  method  may  be  employed  also  to  effect  the  joint  Separation  of 
both  lime  and  magnesia  from  alurnina  ; but  satisfactory  results  can  only  be 
expected  if  the  quantity  of  lime  is  small.  In  cases  of  this  kind  the  fluid 
must  be  largely  diluted  before  the  bicarbonate  of  soda  is  added,  and 
the  precipitation  must  be  effected  in  a stoppered  flask. 

b.  AlUMINA  FROM  MAGNESIA  AND  LIME. 

Mix  the  slightly  acid  dilute  fluid  with  well  washed  carbonate  of 
baryta  diffused  in  water  in  moderate  excess,  let  the  mixture  stand  in 
the  cold  twelve  hours,  then  decant  and  Alter  (§  31),  and  determine  the 
alurnina  in  the  precipitate  as  directed  § 124,  b.  3 ; the  magnesia  and  lime 
in  the  filtrate  as  directed  in  § 122. 

3.  Methods  based  upon  the  insolubility  of  some  salts  of  the  alkaline 
earths. 

a.  Baryta  and  strontia  from  alumina. 

Precipitate  the  baryta  and  strontia  with  sulphuric  acid  (§§79  and  80)  ; 
and  throw  down  the  alumina  from  the  ßltrate  as  directed  § 83,  a.  To 
effect  the  Separation  of  baryta  from  alumina,  this  method  is  preferable  to 
any  other. 

b.  Lime  from  alumina. 

Add  ammonia  to  the  solution,  until  a persistent  precipitate  forms, 
then  acetic  acid  until  this  precipitate  is  redissolved  ; then  some  acetate 
of  ammonia,  and  after  this,  oxalate  of  ammonia  in  slight  excess  (§81, 
2,  b.  ß .) ; allow  the  oxalate  of  lime  to  deposit  in  the  cold,  Alter,  and  pre- 
cipitate the  alumina  from  the  ßltrate  as  directed  § 83,  a. 

2.  Separation  of  sesquioxide  of  chromium  from  the  alka- 
line EARTHS. 

The  best  way  to  effect  the  Separation  of  sesquioxide  of  chromium  from 
all  the  alkaline  earths  at  the  same  time,  is  to  convert  the  sesquioxide  into 
chromic  acid.  For  this  purpose,  the  pulverised  substance  is  mixed  with 
two  parts  of  pure  carbonate  of  soda  and  two  and  half  parts  of  nitrate  of 
potassa,  and  the  mixture  lieated  in  a porcelain  crucible  to  fusion.  On 
treating  the  fused  mass  with  hot  water,  the  chromium  dissolves  as  alka- 

* This  may  he  readily  prepared  by  adding  to  a highly  dilute  solution  of  bicarbonate  of 
potassa  or  soda,  a small  quantity  of  hydrochloric  acid,  insufficient  to  saturate  the  base. 
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line  chromate ; the  residue  contains  the  alkaline  earths  as  carbonates,  or 
also  (magnesia)  in  the  caustic  state.  The  chromium  in  the  solution  is 
determined  as  directed  § 104. 

I need  hardly  observe  that  sesquioxide  of  chromium  may  also  be  separated 
from  baryta  and,  though  less  perfectly,  from  strontia,  by  means  of  sul- 
phuric  acid  added  to  the  acid  solution  of  the  substance. 

Sesquioxide  of  chromium  cannot  be  separated  by  ammonia  from  the 
alkaline  earths,  since,  even  though  carbonic  acid  be  completely  excluded, 
particles  of  the  alkaline  earths  are  thrown  down  in  conjunction  with  the 
sesquioxide  of  chromium.  From  solution  containing  salt  of  sesquioxide  of 
chromium,  lime  cannot  be  precipitated  completely  by  oxalate  of  ammonia  ; 
but  it  may  be  by  sulphuric  acid  and  alcohol  (§  81.  1). 

III.  Separation  of  sesquioxide  of  chromium  from  alumina. 

§ 125. 

Fuse  the  oxides  with  two  parts  by  weight  of  nitrate  of  potassa  and  four 
parts  of  carbonate  of  soda,  in  a platinum  crucible,  treat  the  fused  mass 
with  boiling  water,  rinse  the  contents  of  the  crucible  into  a porcelain 
dish  or  beaker,  add  a somewhat  large  quantity  of  chlorate  of  potassa, 
supersaturate  slightly  with  hydrochloric  acid,  evaporate  to  the  consistence 
of  a syrup,  and  add,  during  the  latter  process,  some  more  chlorate  of 
potassa  in  portions,  to  remove  the  free  hydrochloric  acid.  Dilute  now 
with  water,  and  precipitate  the  alumina  by  ammonia  or  carbonate  of  am- 
monia, as  directed  in  § 83,  a.  The  alumina  falls  dowm  free  from  sesqui- 
oxide of  chromium.  The  chromium  in  the  filtrate  is  determined  as  directed 
§ 104.  If  you  omit  the  evaporation  with  hydrochloric  acid  and  chlorate 
of  potassa,  part  of  the  chromic  acid  will  be  reduced  by  the  nitrous  acid  in 
the  fluid,  and  sesquioxide  of  chromium  will  accordingly,  upon  addition  of 
ammonia,  precipitate  with  the  alumina  (Dexter)  * 

FOURTH  GROUP. 

OXIDE  OF  ZINC — PROTOXIDE  OF  MANGANESE PROTOXIDE  OF  NICKEL 

— PROTOXIDE  OF  COBALT PROTOXIDE  OF  IRON— SESQUIOXIDE  OF 

IRON. 

I.  Separation  of  the  oxides  of  the  fourth  group  from  the 

ALKALIES. 

§ 126. 

A.  General  Methods. 

1.  All  THE  OXIDES  OF  THE  FOURTH  GROUP  FROM  AMMONIA. 

Proceed  as  for  the  Separation  of  sesquioxide  of  chromium  and  alumina 

* Pogg.  Ann.  89,  142. 
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from  ammonia  (§  123).  It  must  be  borne  in  mind  here  that  the  oxides 
of  the  fourth  group  comport  themselves,  upon  ignition  with  chloride  of 
ammonium,  as  follows  : sesquioxide  of  iron  is  partly  volatilised  as  sesqui- 
chloride ; the  oxides  of  manganese  are  converted  into  protochloride  of 
manganese  containing  protosesquioxide  of  that  metal ; the  oxides  of  nickel 
and  cobalt  are  reduced  to  the  metallic  state  ; oxide  of  zinc  volatilises,  with 
access  of  air,  as  chloride  of  zinc  ( U . Hose). 

2.  All  oxides  of  the  fourth  group  from  potassa  and  soda. 

Mix  with  ammonia  until  the  fluid  is  neutral,  add  sulphide  of  ammonium , 
and  Alter  off  the  sulphides  of  the  metals  from  the  fluid  containing  the 
alkalies.  The  precautionary  measures  recommended  in  the  case  of  sul- 
phide of  nickel  (§  87,  b.)  must  be  carefully  attended  to,  otherwise  part 
of  that  sulphide  will  remain  in  solution.  Acidulate  the  filtrate  with  hy- 
drochloric  acid,  concentrate  by  evaporation,  Alter  from  the  sulphur,  evapo- 
rate  to  dryness,  ignite  the  residue,  to  effect  the  remoyal  of  the  ammonia 
salts,  and  determine  the  alkalies  by  the  methods  given  in  § 120. 

B.  Special  methods. 

1.  Oxide  of  zinc  from  potassa  and  soda,  by  precipitating  the 
zinc  from  the  solution  of  the  acetates,  with  sulphuretted  hydro- 
gen  (see  § 128,  B.  2,  a). 

2.  PROTOXIDE  OF  NICKEL  AND  PROTOXIDE  OF  COBALT  FROM 

the  alkalies,  by  igniting  the  Chlorides  of  the  metals  in  a stream 
of  hydrogen  gas  (see  § 128,  B.  4). 

3.  Sesquioxide  of  iron  from  potassa  and  soda,  by  precipitat- 
ing the  sesquioxide  of  iron  with  ammonia  (see  § 124,  1,  A.  1), 
or  by  heating  the  nitrates  (see  § 124,  1,  A.  2). 

4.  PROTOXIDE  OF  MANGANESE  FROM  THE  ALKALIES. 

a.  Saturate  the  solution  with  chlorine,  and  precipitate  the  manga- 
nese with  ammonia  (as  hydrated  sesquioxide).  See  § 127,4,  a.  8. 

b.  Precipitate  the  manganese  with  peroxide  of  lead  ( Gibbs ) ; see 
§ 127,  4,  a.  a.  The  acid  with  wliich  the  bases  are  combined 
may  be  hydrochloric  acid,  nitric  acid,  or  sulphuric  acid.  If  the 
choice  is  allowed,  select  the  first. 

c.  Heat  the  nitrates  ( Deville ).  See  § 127,  4,  a.  y. 


II.  Separation  of  the  oxides  of  the  fourth  group  from  the 

ALKALINE  EARTHS. 

§ 127. 

Index:  Oxide  of  zinc  from  baryta : A.  ; B.  1,  2,  5; — from  strontia  : 
A. ; B.  1,  2,  5 ; — from  lime  : A. ; B.  2,  5 ; — from  magnesia  : 
A. ; B.  2. 
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Protoxide  of  manganese  from  baryta:  A.  ; B.  1,  4 ; — from  stron- 
tia  : A. ; B.  1,  4 ; — from  lime  : A. ; B.  4 ; — from  magnesia  : 
A. ; B.  4. 

The  Protoxide  of  nickel  and  cobalt  from  baryta  and  strontia  : 

A.  ; B.  1,  5,  7 ; — from  lime  : A.  ; B.  5,  7 ; — from  magnesia  : 
A.  ; B.  6. 

Sesquioxide  of  iron  from  baryta  and  strontia:  A. ; B.  1,  3; — 
from  lime  : A.  ; B.  3 ; — from  magnesia  : A. ; B.  3. 

A.  General  method. 

All  OXIDES  of  the  fourth  GROUP  from  the  alkaline  earths. 

Add  chloride  of  ammonium  (and,  if  the  solution  is  acid,  also  ammonia), 
and  precipitate  with  sulphide  of  ammonium,  as  in  § 126,  A.  2.  Take  care 
to  use  sulphide  of  ammonium  perfectly  saturated  with  sulphuretted  hydro- 
gen,  and  free  from  carbonate  of  ammonia,  and  to  employ  it  in  sufficient 
excess.  Wash  the  precipitate  quickly  and,  as  far  as  practicable,  excluded 
from  the  access  of  air,  with  water  to  which  some  sulphide  of  ammonium 
lias  been  added.  Acidulate  the  filtrate  with  hydrochloric  acid,  heat,  filter 
from  the  sulpliur,  and  separate  the  alkaline  earths,  as  directed  in  § 122. 

B.  Special  methods. 

1.  Baryta  and  strontia  from  the  whole  of  the  oxides  of 

THE  FOURTH  GROUP. 

Precipitate  the  baryta  and  strontia  from  the  acid  solution  with  sul- 
phuric  acid  (§§79  and  80).  This  method  is  preferable  to  any 
other  to  effect  the  Separation  of  baryta  from  the  oxides  of  the 
fourth  group. 

2.  Oxide  of  zinc  from  the  alkaline  earths. 

Convert  the  bases  into  acetates,  and  precipitate  the  zinc  from  the 
solution  as  directed  in  § 85,  b. 

3.  SESQUIOXIDE  of  IRON  FROM  THE  ALKALINE  EARTHS. 

a.  Precipitate  the  dilute  solution  with  bicarbonate  of  soda,  or  with 
carbonate  of  baryta  (see  § 124,  B.  2). 

b.  Precipitate  the  sesquioxide  of  iron  with  succinate  of  ammonia 
(§  90,  1,  c). 

c.  Decompose  the  nitrates  by  heat  (§  124,  A.  2). 

d.  Add  carbonate  of  soda  to  the  moderately  diluted  solution,  until 
the  fluid  is  nearly  neutral  and  has  acquired  a deep  brownish-red 
tint ; add  acetate  of  soda,  boil,  and  filter  the  fluid  from  the 
brownish-red  precipitate,  which  contains  all  the  sesquioxide  of 
iron  in  form  of  a basic  salt ; keep  the  fluid  boiling  during 
filtration,  and  wash  the  precipitate  with  boiling  water. 

e.  (Not  applicable  in  the  case  of  magnesia).  Precipitate  with 
ammonia,  conducting  the  Operation  exactly  as  directed  in  § 124, 

B.  1.  If  you  wish  to  use  this  method  in  presence  of  magnesia, 
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you  must  re-dissolve  in  hydrochloric  acid  the  hydrated  sesqui- 
oxide of  iron  containing  magnesia,  and  precipitate  with  bicar- 
bonate  of  soda. 

4.  PrOTOXIDE  OF  MANGANESE  FROM  THE  ALKALINE  EARTHS. 
a.  Methods  based  upon  the  Separation  of  manganese  as  sesquioxide  or 
binoxide. 

a.  Gibbs's  method.*  Add  to  the  perfectly  neutral  solution  of  the 
bases,  which  may  be  combined  with  hydrochloric  acid  or  nitric  acid,f  or, 
in  the  case  of  magnesia,  with  sulphuric  acid,  pure  binoxide  of  lead,^  in 
the  proportion  of  5 grammes  of  the  binoxide  to  1 gramme  of  substance  ; 
digest  for  an  hour  at  about  185°,  with  repeated  stirring,  filter  the 
fluid  from  the  precipitate,  which  contains  the  whole  of  the  manganese, 
probably  as  sesquioxide,  and  wash  with  boiling  water.  If  magnesia 
is  present,  a few  drops  of  nitric  acid  are  added,  previously  to  filtration, 
to  the  cooled  solution.  Determine  the  alkaline  earths  (and  alkalies)  in 
the  filtrate,  as  directed  in  §§  121  and  122.  Ignite  the  precipitate,  dissolve 
in  strong  nitric  acid,  and  separate  the  manganese  and  lead  as  directed  in 
§ 130.  This  method  is  a little  complicated.  Presence  of  free  hydro- 
chloric acid  does  not  interfere  with  the  process,  but  presence  of  free 
nitric  acid  and  sulphuric  acid  does  ; compare  Will,  Annal.  der  Chem. 
und  Pharm.  86,  62. 

ß.  Schier s method. § Add  to  the  hydrochloric  acid  solution  carbonate 
of  soda,  until  the  fluid  is  nearly  neutralised,  mix  with  acetate  of  soda,  and 
then  conduct  chlorine  gas  into  the  mixture.  The  acetate  of  protoxide 
of  manganese  is  hereby  decomposed,  and  the  whole  of  the  manganese 
separates  as  binoxide.  The  alkaline  earths  remain  in  solution. 

y.  Beville' s method. ||  The  bases  must  be  present  as  nitrates.  Heat 
in  a covered  platinum  dish  to  from  392°  to  482°,  until  the  forma- 
tion  of  fumes  has  completely  ceased,  and  the  mass  has  become  black ; 
and  proceed  in  all  other  respects  as  directed  in  § 124,  1,  A.  2.  The 
presence  of  a small  quantity  of  organic  matter,  or  the  action  of  a too  in- 
tense  heat,  may  cause  the  reduction  of  traces  of  binoxide  of  manganese, 
and  their  solution  in  nitrate  of  ammonia ; these  traces  of  manganese  are 
in  that  case  found  with  the  magnesia. 

8.  Saturate  the  solution  with  chlorine  gas,  or,  if  the  quantity  of  manga- 

* Annal.  der  Chem.  und  Pharm.  86,  54. 

+ Hydrochloric  acid  deserves  the  preference  if,  besides  the  alkaline  earths,  alkalies  are 
present ; if  not,  nitric  acid  is  preferable. 

J The  binoxide  of  lead  prepared  from  minium  is  not  adapted  for  use  in  this  process,  on 
account  of  the  impurities  which  it  contains.  Pure  binoxide  may  be  obtained  by  treating  the 
hydrated  oxide  diffused  in  water,  with  chlorine,  washing  the  product  with  boiling  water, 
digesting  with  nitric  acid,  and  washing. 

§ Sillim.  Journal  15,  275. 

||  Journ.  f.  prakt.  Chem.  60,  11. 
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nese  is  very  minute,  witli  chlorine  water,  and  precipitate  the  manganese 
as  hydrated  oxide,  witli  bicarbonate  of  soda  or  carbonate  of  baryta  {II.  Rose). 
If  a considerable  quantity  of  lime,  baryta,  or  strontia,  is  present,  precipi- 
tate first  with  ammonia,  filter,  wasli,  redissolve  the  precipitate  in  hydro- 
chloric  acid,  and  then  precipitate  with  bicarbonate  of  soda.  Care  must 
be  taken  not  to  form  chloride  of  nitrogen  by  continuing  too  long  to  con- 
duct  chlorine  into  a solution  containing  mucli  chloride  of  ammonium. 

b.  Methods  based  upon  the  volumetrical  determination  of  manganese , 
according  to  Bunsen  and  Krieger .* 

a.  Manganese  from  Magnesia. 

Precipitate  with  solution  of  soda  (§  8G,  1,  b).  Wasli  the  precipitate 
thoroughly,  ignite  and  weigh.  If  the  quantity  of  magnesia  present  is 
sufficient,  the  residue  has  the  formula. 

Mn303,  MgO  + x MgO. 

Treat  a weighed  sample  of  it  as  directed  in  § 112,  appendix ; tliis  will 
give  the  quantity  of  the  manganese  (one  equivalent  of  chlorine,  or,  as  the 
case  may  be,  one  equivalent  of  liberated  iodine,  corresponds  to  one  equiva- 
lent of  Mn203)  ; from  the  difference  you  may  calculate  the  quantity  of 
the  magnesia. 

ß.  From  baryta. 

Precipitate  with  carbonate  of  soda  (§  86,  1,  «.),  and  wasli  the  precipi- 
tate thoroughly.  It  has  the  formula 

Mn2ü3,  BaO -f  x BaO,  C02. 

Treat  a sample  of  it  as  in  a.  ; this  will  give  the  quantity  of  the  manganese. 
To  find  tliat  of  the  carbonate  of  baryta  deduct  the  weiglit  of  the  sesqui- 
oxide  of  manganese  from  that  of  the  weighed  precipitate,  and  add  to  the 
difference  so  much  carbonic  acid  as  has  beeil  expelled  by  the  sesquioxide 
of  manganese,  that  is,  for  every  equivalent  of  Mn2  03,  an  equivalent 
of  C02. 

The  Separation  of  manganese  from  strontia  is  etfected  in  the  same 
way. 

y.  From  lime. 

Proceed  as  in  ß. ; but  after  ignition  moisten  repeatedly  with  carbonate 
of  ammonia,  evaporate  again,  and  ignite  gently,  until  the  weight  remains 
constant. 

N.B.  This  method  of  volumetrical  determination  of  manganese  presup- 
poses  the  presence  of  more  than  one  equivalent  of  Mg  O,  C02,  &c.,  to  one 
equivalent  of  Mn203 ; for  if  the  case  is  different,  the  residue  contains, 
besides  Mn203,  also  Mn203,  MnO.  To  adapt  the  method  also  to 
cases  of  the  latter  description,  Krieger  recommends  the  following  process  : 
dissolve  a sample  of  the  weighed  precipitate,  add  half  its  weight  of  oxide 
of  zinc,  precipitate  with  carbonate  of  soda,  ignite  the  precipitate  some 
* Annal  der  Chemie  und  Tharm.  87,  268. 
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time  in  the  air,  determine  the  quantity  of  the  residue,  and  use  the  latter, 
or  a weighcd  portion  of  it,  for  the  volumetvical  determination.  This  re- 
sidue contains  the  whole  of  the  manganese  as  Mn203. 

5.  PrOTOXIDE  OF  COBALT,  PROTOXIDE  OF  NICKEL,  AND  OXIDE  OF 
ZINC,  PROM  BARYTA,  STRONTIA,  AND  LIME. 

Mix  with  carbonate  of  soda  in  excess,  add  cyanide  of  potassium,  heat 
very  gently,  until  the  whole  of  the  precipitated  carbonates  of  protoxide  of 
cobalt,  protoxide  of  nickel,  and  oxide  of  zinc,  are  redissolved,  and  filter 
the  solution  of  the  cyanides  of  the  inetals  in  cyanide  of  potassium,  from 
the  carbonate  of  the  alkaline  earths.  Dissolve  the  latter  in  dilute  hydro- 
chloric  acid,  and  separate  them  as  dirccted  in  § 122.  Separate  the  metals 
as  directed  § 128. 

6.  Protoxide  of  cobalt  and  protoxide  of  nickel  from  Mag- 
nesia. 

Precipitate  with  a mixture  of  solution  of  hypochlorite  of  potassa  and 
solution  of  caustic  potassa.  The  precipitate  consists  of  peroxide  of  nickel, 
sesquioxide  of  cobalt,  and  hydrate  of  magnesia ; wash  it  thoroughly,  and 
digest  it  still  moist,  at  a temperature  of  from  86°  to  104°,  with  an 
excess  of  solution  of  chloride  of  mercury.  In  this  process  a double  salt 
is  formed  of  MgCl+3  HgCl,  and  the  magnesia  is  dissolved,  whilst  a cor- 
responding  quantity  of  basic  chloride  of  mercury  precipitates  ( Ullgren , 
Bersel,  Jahresber.  21,  146).  Evaporate  the  solution  and  washings  with 
addition  of  pure  oxide  of  mercury,  and  determine  the  magnesia  as  directed 
§ 82,  3.  b.  Remove  the  mercury  from  the  oxides  of  nickel  and  cobalt 
by  ignition,  and  separate  the  two  metals  as  directed  below. 

7.  The  protoxides  of  cobalt  and  of  nickel  from  baryta, 

STRONTIA,  AND  LIME. 

Ignite  the  Chlorides  of  the  metals  in  hydrogen  gas  (§  128,  B.  4). 


III.  Separation  of  the  oxides  of  the  fourth  group  from 

THOSE  OF  THE  THIRD,  AND  FROM  EACH  OTHER. 

§ 128. 

Index : Alumina  from  sesquioxide  of  cliromium  : B.  1,  a. ; — from  oxide 
of  zinc  : A.  1 and  2 ; B.  2,  a. ; 8,  a. ; — from  protoxide  of  manganese  : 
A.  1 and  2 ; B.  1,  a.;  5,  b.  and  c. ; 10,  c. ; — from  protoxide  of  nickel : 

A.  1 and  2 ; B.  1,  b. ; 8,  a. ; — from  protoxide  of  cobalt : A.  1 and  2 ; 

B.  1,  b.;  8,  a.  from  protoxide  of  iron  : A.  1 and  2;  B.  1,  a.  and  b. ; 
— from  sesquioxide  of  iron:  A.  2 ; B.  1,  a.  and  b.;  3,  a. ; 10,  a. 

Sesquioxide  of  chromium  from  alumina:  B.  1,  a. ; — from  oxide  of 
zinc,  protoxide  of  manganese,  protoxide  of  nickel,  protoxide  of  cobalt, 
and  protoxide  of  iron : A.  1 and  2 ; B.  5,  a. ; — from  sesquioxide  of 
iron  : A.  2 ; B.  3,  a. ; 5,  a. 

( S/-J 
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Oxide  of  sine  from  alumina : A.  1 and  2 ; B.  2,  a. ; 8,  a. ; — from 
sesquioxide  of  chromium  : A.  1 and  2 ; B.  5,  a. ; — from  protoxide  of 
manganese  : B.  2,  a. ; 5,  b.  and  c. ; 10,  d. ; — from  protoxide  of  nickel : 
B.  2,  a.  and  c. ; 3,  c. ; 9 ; — from  protoxide  of  cobalt : B.  2,  a.  and 

c.  ; 3,  c. ; 8,  c. ; 9 — from  sesquioxide  of  iron : A.  1 ; B.  2,  a.  ; 6,  9,  b. 
Protoxide  of  manganese  from  alumina:  A.  1 and  2 ; B.  1,  a. ; 

5,  b.  and  c. ; 10,  c.  ; — from  sesquioxide  of  chromium  : A.  1 and  2 ; 
B.  5,  a.  ; — from  oxide  of  zinc  : B.  2,  a. ; 5,  b.  and  c. ; 10,  d.  ; — from 
protoxide  of  nickel : B.  2,  b.  and  c. ; 4,  5,  6.  c.  and  d. ; — from  prot- 
oxide of  cobalt : B.  2,  b.  and  c. ; 4,  8,  d.  ; — from  sesquioxide  of 
iron  : A.  1 ; B.  5,  c.  ; 6,  10,  c. 

Protoxide  of  nickel  from  alumina  : A.  1 and  2 ; B.  1,  b. ; 8,  a. ; — 
— from  sesquioxide  of  chromium  : A.  1 and  2 ; B.  5,  a. ; — from  oxide 
of  zinc  : B.  2,  a.  and  c. ; 3,  c. ; 9 ; — from  protoxide  of  manganese  : 
B.  2,  b.  and  c. ; 4,  5,  b.  c.  and  d.  ; — from  protoxide  of  cobalt : B.  5, 

d.  ; 8,  b.  ; — from  sesquioxide  of  iron  : A.  1 ; B.  2,  b.  ; 6. 

Protoxide  of  cobalt  from  alumina  : A.  1 and  2 ; B.  1,  b. ; 8,  a.  ; 

— from  sesquioxide  of  chromium  : A.  I and  2 ; B.  5,  a.  ; — from  oxide 
of  zinc  : B.  2,  a.  and  c. ; 3,  c. ; 8,  c. ; 9 ; — from  protoxide  of  manga- 
nese : B.  2,  b.  and  c. ; 4,  8,  d. ; — from  protoxide  of  nickel : B.  5,  d. ; 
8,  b. ; — from  sesquioxide  of  iron  : A.  1 ; B.  2,  b.  ; 6,  7. 

Protoxide  of  iron  from  alumina  : A.  1 and  2 ; B.  1,  a.  and  b.  ; — 
from  sesquioxide  of  chromium  : A.  1 and  2 ; — from  sesquioxide  of 
iron  : A.  1 ; B.  3,  b. ; 10,  b. ; 11. 

Sesquioxide  of  iron  from  alumina : A.  2 ; B.  1,  a.  and  b. ; 3,  a. ; 
10,  a.  ; — from  sesquioxide  of  chromium  : A.  2 ; B.  3,  a.  ; 5,  a. ; — 
from  oxide  of  zinc : A.  1 ; B.  2,  a.  ; 6,  9,  b. ; — from  protoxide  of 
manganese  : A.  1 ; B.  5,  c. ; 6,  10,  c. ; — from  protoxide  of  nickel: 
A.  1 ; B.  2,  b. ; 6 ; — from  protoxide  of  cobalt : A.  1 ; B.  2,  b. ; 6,  7 ; 
— from  protoxide  of  iron  : A.  1 ; B.  3,  b. ; 10,  b. ; 11. 

A.  General  methods. 

1.  Method  based  upon  the  precipitation  of  some  oxides  by  carbonate 
of  baryta. 

Sesquioxide  of  iron,  alumina,  and  sesquioxide  of  chromium, 

FROM  ALL  OTHER  OXIDES  OF  THE  FOURTH  GROUP. 

Mix  the  properly  diluted  solution,  which  must  contain  a little 
free  acid,"  in  a flask,  with  carbonate  of  baryta  diffused  in  water  in 
moderate  excess  ; insert  the  stopper,  and  let  the  mixture  stand  some  time 
in  the  cold,  with  occasional  shaking.  The  sesquioxide  of  iron,  alumina,  and 
sesquioxide  of  chromium,  are  completely  separated  hereby,f  whilst  the  other 

* If  there  is  much  free  acid,  the  greater  part  of  it  must  be  previously  saturated  with 
carbonate  of  soda. 

f The  Separation  of  the  sesquioxide  of  chromium  requires  the  most  time. 
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bases  remain  in  solution,  with  tlie  exception  perliaps  of  traces  of  protoxide 
of  cobalt,  which  will  mostly  fall  down  with  the  precipitated  oxides.  De- 
cant,  stir  the  Sediment  up  with  cold  water,  allow  it  to  deposit,  decant  once 
more,  filter,  and  wash  with  cold  water.  The  precipitate  contains,  besides 
the  precipitated  oxides,  carbonate  of  baryta  ; and  the  filtrate,  besides  the 
non-precipitated  oxides,  a salt  of  baryta. 

If  protoxide  of  iron  is  present,  and 
it  is  wished  to  separate  it  by  this  me- 
thod  from  sesquioxide  of  iron,  &c.,  the 
air  must  he  excluded  during  the  whole 
of  the  Operation.  In  that  case  the  so- 
lution of  the  substance,  the  precipita- 
tion,  and  the  washing  by  decantation, 
are  effected  in  a flask  (see  Fig.  51,  A), 
through  which  carbonic  acid  is  transmit- 
ted  (ff).  The  washing  wrater  is  poured 
in  through  a funnel  tube  (c),  and  the 
fluid  drawn  off  by  means  of  a moveahle 
syphon  ( b ) ; both  b and  c are  fitted 
air-tight  into  the  cork. 

Fig.  51.  To  effect  the  Separation  of  the  sesqui- 

oxide from  the  protoxide  of  iron,  Scheerer  uses  the  solution  prepared,  in 
an  atmosphere  of  carbonic  acid,  by  heating  with  concentrated  sulphuric 
acid  ; he  allows  the  solution  to  cool,  adds  ice  to  the  proper  degree  of 
dilution,  nearly  saturates  with  carbonate  of  ammonia,  aud  boils  the  fluid 
some  time  with  very  finely  pulverised  magnesite  (carbonate  of  magnesia), 
conducting  all  the  while  carbonic  acid  into  it.  By  this  process  complete 
precipitation  of  the  sesquioxide  of  iron  is  effected. 

2.  Methods  based  upon  the  precipitation  of  the  oxides  of  the  fourth 
group , by  sulphide  of  sodium,  from  alkaline  solution  effected  with  the  aid 
of  tartaric  acid. 

AlUMINA  AND  SESQUIOXIDE  OF  CHROMIUM  FROM  THE  OXIDES  OF 
THE  FOURTH  GROUP. 

Mix  the  solution  with  tartaric  acid,  then  with  solution  of  soda  or 
potassa,  until  the  fluid  has  cleared  again  ; add  sulphide  of  sodium  as  long 
as  a precipitate  continues  to  form  ; allow  to  deposit  until  the  supernatant 
fluid  no  longer  exhihits  a greeaish,  or  brownish  tint ; decant,  stir  the  pre- 
cipitate up  with  water  containing  sulphide  of  sodium,  decant  again,  trans- 
fer  the  precipitate,  which  contains  all  the  metals  of  the  fourth  group,  to  a 
filter,  wash  with  water  containing  sulphide  of  sodium,  and  separate  the 
metals  as  directed  in  B.  Add  to  the  filtrate  nitrate  of  potassa,  and  evapo- 
rate  to  dryness  ; fuse  the  residue,  and  separate  the  alumina  from  the 
chromic  acid  formed,  as  directed  § 125. 
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B.  Special  methods. 

1.  Methods  hased  upon  the  solubility  of  alumina  in  caustic  al  ha  lies. 

a.  Alumina  from  protoxide  and  sesquioxide  of  iron,  sesqui- 

OXIDE  OF  CHROMIUM,  AND  SMALL  QUANTITIES  OF  PROTOXIDE  OF 

manganese  (but  not  from  protoxide  of  nickel  and  protoxide  of  cobalt). 

Ileat  the  rather  concentrated  acid  solution  in  a flask  to  boiling,  remove 
from  the  gas  or  sand-bath,  and  reduce  the  sesquioxide  of  iron  present  by  sul- 
phide  of  soda.  Replace  the  fluid  on  the  sand-bath,  keep  boiling  some  time, 
and  then  neutralise  with  earbonate  of  soda,  add  pure  solution  of  soda  or 
potassa*  in  excess,  and  boil  for  some  time. 

If  the  analysed  substance  contains  much  iron,  the  precipitate  will  be  black 
and  granulär,  which  is  a proof  that  the  iron  has  been  converted  into  proto- 
sesquioxide.  The  tendency  to  bumping  preceding  the  actual  ebullition 
of  the  fluid,  may  be  guarded  against  by  means  of  a spiral  coil  of  pla- 
tinum  wire  placed  in  the  liquid,  or  by  constant  agitation  of  the  latter ; 
wlien  ebullition  has  once  set  in,  there  is  no  further  need  of  these  precau- 
tions.  Remove  the  fluid  now  from  the  sand-bath,  allow  it  to  deposit,  pass 
the  clear  fluid  through  a Alter,  which  must  not  be  over-porous,  boil  the  preci- 
pitate, for  security,  once  more  with  a fresli  quantity  of  solution  of  soda, 
then  wasli  it,  first  by  decantation,  and  afterwards  on  the  Alter,  with 
hot  water.  Acidulate  the  alkaline  Altrate  with  liydrochloric  acid,  boil 
with  some  chlorate  of  potassa  (§  124,  1,  A.  1),  concentrate  by  evaporation, 
and  precipitate  the  alumina  as  directed  § 83,  a.  (Journal  f.  prakt.  Chem. 
45,  201.)  The  boiling  of  the  precipitated  oxides  with  the  solution  of 
soda  is  effected  best  in  a somewhat  capacious  silver  or  platinum  dish.  The 
use  of  solution  of  soda  containing  alumina  and  silica,  must  be  particularly 
avoided. 

If  sesquioxide  of  cliromium  was  present  in  the  analysed  substance,  you 
will  And  the  principal  portion  of  this  with  the  sesquioxide  of  iron  ; but  a 
small  quantity  has  been  oxidised  in  the  process  and  converted  into  chromic 
acid,  and  is  accordingly  found  in  the  fluid  Altered  from  the  alumina. 

b.  Alumina  from  sesqui  and  protoxide  of  iron,  protoxide 

OF  COBALT,  AND  PROTOXIDE  OF  NICKEL. 

Fuse  the  oxides  with  hydrate  of  potassa  in  a silver  crucible,  boil  the 
mass  with  water,  and  Alter  the  alkaline  fluid,  which  contains  the  alu- 

* Wähler  has  recently  recommended  the  following  method  for  the  preparation  of  pure 
solution  of  soda  or  potassa : Put  1 part  of  nitrate  of  potassa  and  2 or  3 parts  of  sheet  copper 
cuttings,  in  alternate  layers,  in  an  iron  or  copper  crucible,  cover  the  latter,  and  expose  it  for 
half  an  hour  to  a moderate  red  heat.  (If  you  have  a copper  crucible  so  much  the  hetter ; 
if  not,  you  must  use  an  iron  one.)  Allow  the  mass  to  cool,  treat  it  with  water,  let  the  solu- 
tion— which  is  perfectly  free  from  copper — deposit  in  a tall  cylinder,  .and  then  take  it  up  by 
means  of  a syphon.  The  best  way  of  keeping  it  is  that  recommended  by  Mohr,  namely, 
in  a bottle,  closed  with  a cork,  into  which  a tube  is  fitted  air-tight,  open  at  both  ends  and 
filled  with  a coarse  mixture  of  sulphate  of  soda  and  caustic  üme  (Annal.  d.  Chem.  und 
Pharm.  87,  373). 
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mina,  from  the  oxides,  which  are  free  from  alumina,  but  contain  potassa 
{II.  Rose). 

2.  Methods  bcised  upon  the  different  deportment  of  the  several  sulphides 
with  acids,  or  of  the  acetic  acid  Solutions  with  sulphuretted  hydrogen. 

a.  Oxide  of  zinc  from  alumina  and  the  oxides  of  the  fourth 

GROUP. 

The  solution  of  the  acetates,  which  must  be  free  from  inorganic  acids, 
and  must  contain  a sufficient  excess  of  acetic  acid,  is  precipitated  with  sul- 
phuretted hydrogen,  which  throws  down  the  zinc  only  (§  85,  b).  The 
oxides  are  usually  most  readily  obtained,  in  acetic  acid  solution,  by  Con- 
verting them  into  sulphates,  and  adding  a sufficient  quantity  of  acetate  of 
baryta.  Sulphuretted  hydrogen  is  then  conducted,  without  application  of 
heat,  into  the  unfiltered  fluid,  to  which,  if  necessary,  some  more  acetic 
acid  has  been  added.  Should  the  precipitate,  as  will  sometimes  happen, 
look  gray,  this  may  be  remedied  if  the  coloration  proceeds  from  admixture 
of  sulphide  of  iron  in  the  precipitate,  by  applying  a gentle  heat,  and  once 
more  conducting  sulphuretted  hydrogen  iuto  the  fluid.  The  precipitate, 
which  consists  of  a mixture  of  sulphide  of  zinc  and  sulphate  of  baryta,  is 
washed  with  water  containing  sulphuretted  hydrogen.  It  is  then  lieated 
with  hydrochloric  acid,  the  solution  filtered,  and  the  zinc  in  the  filtrate 
determined  as  directed  § 85,  a.  The  other  oxides  in  the  fluid  filtered  off 
from  the  sulphide  of  zinc  are,  after  previous  removal  of  the  baryta  by 
precipitation,  determined  by  the  proper  methods. 

b.  PrOTOXIDE  OF  COBALT  AND  PROTOXIDE  OF  NICKEL  FROM  PRO- 
TOXIDE  OF  MANGANESE  AND  THE  OXIDES  OF  IRON. 

The  solution  of  the  oxides,  which  must  be  free  from  nitric  acid,  is,  after 
previous  neutralisation  of  the  free  acid  which  may  be  present,  by  ammo- 
nia,  precipitated  with  sulphide  of  ammonium,  and  highly  dilute  hydro- 
chloric acid  (. H . Rose),  or  acetic  acid  ( Wackenroder)  is  then  added.  This 
serves  to  dissolve  the  sulphide  of  manganese  and  the  sulphide  of  iron, 
whilst  the  sulphide  of  cobalt  and  the  sulphide  of  nickel,  thougli  the  latter 
less  completely,  remain  undissolved.  The  sulphides  of  the  metals  are 
reprecipitated  from  the  filtrate  by  addition  of  ammonia  and  sulphide  of 
ammonium,  and  the  precipitate  is  treated  once  more  with  dilute  hydro- 
chloric acid.  The  results  are  nearly  accurate. 

C.  PROTOXIDE  OF  COBALT  AND  PROTOXIDE  OF  NICKEL  FROM  PRO- 
TOXIDE OF  MANGANESE  AND  OXIDE  OF  ZINC. 

a.  Put  the  weighed  mixture  of  the  oxides  in  a small  boat-shaped  porce- 
lain,  or  platinum  vessel,  insert  the  latter  into  a tube,  heat  the  mixture  to 
dull  redness,  conducting  all  the  while  sulphuretted  hydrogen  gas  over  it. 
Let  the  sulphides  of  the  metals  formed  cool  in  the  gaseous  stream,  and 
then  digest  them  for  several  hours  with  cold  dilute  hydrochloric  acid, 
which  dissolves  only  the  sulphide  of  manganese,  and  the  sulphide  of  zinc. 
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The  sulphides  of  nickel  and  cobalt  are  left  behind  free  from  admixture  of 
the  other  sulphides  ( Ebelmen ).* 

ß.  Precipitate  with  carbonate  of  soda,  filter,  wash,  and  ignite ; mix  one 
partof  the  residue  with  1*5  parts  of  sulphur  and  0*75  of  carbonate  of  soda, 
and  heat  the  mixture  in  a small  retort  as  strongly  as  possible  for  half  an  hour. 
Allow  the  mixture  to  cool,  and  treat  the  sulphide  of  zinc  (and  sulphide 
of  manganese)  formed,  with  dilute  liydrochloric  acid  (one  part  of  acid  to 
ten  of  water),  Brunner. f 

3.  Methods  based  upon  the  different  deportment  of  the  several  oxides 
with  hydrogen  gas  at  a red  heat 

a.  Sesquioxide  of  iron  from  alumina  and  sesquioxide  of 

CHROMIUM. 

a.  Rivot’s  method.J  Precipitate  with  ammonia,  heat,  filter,  ignite, 
weigh,  triturate,  and  weigh  off  a portion  of  the  powder  in  a small  porcelain 
boat.  Insert  this  latter  now  into  a porcelain  tube,  lying  in  an  horizontal 
position  and  having  one  end  closed  with  a cork  into  which  a narrower 
open  glass  tube  is  fitted.  Conduct  into  the  other  end  hydrogen  gas, 
dried  by  transmission  through  sulplmric  acid  and  chloride  of  calcium. 
When  the  air  has  been  expelled  from  the  apparatus,  heat  the  porcelain 
tube  gradually  to  redness,  and  maintain  it  at  that  temperature  as  long  as 
water  continues  to  form  (about  one  hour).  Allow  the  tube  now  to  cool, 
continuing  all  the  while  the  transmission  of  the  hydrogen  gas,  then  remove 
the  little  boat,  and  weigh  it.  The  loss  of  weight  indicates  the  quantity 
of  oxygen  which  was  combined  with  the  iron  in  the  sesquioxide  of  that 
metal. 

If  you  wish  to  determine  the  oxides  separately,  which  mav  be  deemed 
more  particularly  necessary,  if  the  analysed  substance  contains  much  alu- 
mina and  little  sesquioxide  of  iron,  treat  the  mixture  of  alumina,  sesqui- 
oxide of  chromium,  and  metallic  iron,  with  highly  dilute  nitric  acid  (1 
part  of  acid  to  30  or  40  parts  of  water),  or  with  water  to  which  very 
little  nitric  acid  is  gradually  added.  The  iron  is  dissolved,  the  alumina 
and  sesquioxide  of  chromium  remain  undissolved.  The  latter  are  weighed 
directly  ; the  iron  is  precipitated  from  the  filtrate  by  ammonia,  after 
ebullition  of  the  fluid.  The  results  of  Rivot's  experimental  analyses  were 
highly  satisfactory. 

ß.  Deville  transmits  through  the  tube,  when  the  reduction  by  hydrogen 
is  effected  as  in  a,  first  liydrochloric  acid  gas,  and  then  again  hydrogen. 
This  leaves  the  alumina  behind  in  a state  of  purity,  the  iron  volatilises  as 


* Annal.  der  Chem.  und  Pharm.  72,  329.  Ebelmen  has  given  his  metliod  simply  for  the 
Separation  of  CoO  and  NiO  from  MnO. 

+ Annal.  der  Chem.  und  Pharm.  80,  364.  Brunner  has  given  his  method  simply  for 
nickel  and  zinc. 

X Ann.  de  Chirn.  et  de  Phys.  xxx.  188.  Journ.  f.  prakt.  Chem.  51,  338. 
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protochloride,  and  is  either  determined  directly,  or  calculated  from  the 
loss.  If  it  is  intended  to  do  the  former,  the  protochloride  in  the  tubes 
and  in  the  tubulated  receiver  is  dissolved  by  heating  dilute  hydrochloric 
acid  to  boiling,  and  conducting  the  fumes  into  the  porcelain  tube  ; the 
tube  of  the  receiver  is  directed  downwards  in  this  Operation.  Deville 
has  employed  bis  method  simply  to  effect  the  Separation  of  sesquioxide  of 
iron  from  alumina  ; but  it  is  obvious  that  it  is  equally  adapted  for  the 
Separation  of  sesquioxide  of  iron  from  sesquioxide  of  chromium. 

Appendix  : Decomposition  of  chrome-iron  ( Rivot ).* 

Treat  the  finely  pulverised  and  elutriated  mineral  as  directed  in  a.  An 
hour’s  application  of  a bright  red  heat  suffices  to  effect  the  complete  reduc- 
tion  of  the  protoxide  of  iron.  The  mass  is  allowed  to  cool  in  the  strearn 
of  hydrogen  gas,  and  then  digested  twenty-four  liours  with  dilute  nitric 
acid,  which  dissolves  the  iron,  lime,  and  magnesia,  leaving  behind  the  ses- 
quioxide of  chromium,  alumina,  and  silicic  acid. 

b.  Sesquioxide  of  iron  from  protoxide  of  iron. 

Compounds  containing  only  sesquioxide  and  protoxide  of  iron,  or,  at  all 

events,  besides  these  two,  no  other  substances  liable  to  undergo  alteration 
by  ignition  in  a strearn  of  hydrogen  gas,  are  accurately  weighed,  intensely 
ignited  in  hydrogen  gas,  allowed  to  cool  in  the  gaseous  strearn,  and  then 
again  weighed  : the  loss  of  weight  indicates  the  quantity  of  oxygen  ori- 
ginally  combined  with  the  iron.  The  quantity  of  the  iron  may  be  deter- 
mined, according  to  circumstances,  either  by  simply  weighing  the  residue, 
or  by  an  ulterior  analysis  of  the  latter.  The  Operation  may  be  conducted 
either  as  in  a.,  or  in  the  manner  described  in  § 88,  and  illustrated  by  Fig. 
40.  If,  by  way  of  Controlling  the  analysis,  you  wish  to  weigh  the  water 
generated  in  the  process  of  reduction,  you  may  use  the  apparatus  described 
in  § 19,  and  illustrated  by  Fig.  18.  The  gasometer  is,  in  that  case,  to  be 
filled  with  hydrogen  gas  instead  of  atmospheric  air. 

c.  Protoxide  of  cobalt  and  protoxide  of  nickel  from  oxide 

OF  ZINC. 

Ullgren’s  method.  ( Berzelius's  Jahresbericht,  21,  145.) 

Precipitate  the  solution  with  carbonate  of  soda,  in  the  manner  and  with 
the  precautions  directed  in  § 85,  a.  Wash  the  precipitates  carefully 
with  boiling  water,  dry,  ignite,  and  weigh.  Triturate  finely,  introduce 
a weighed  portion  of  the  powder  into  the  bulb  of  a bulb-tube,  and 
heat  the  latter  to  incipient  redness,  transmitting  a slow  strearn  of  hydrogen 
gas  through  it  during  the  Operation.  As  soon  as  the  formation  of  water 
ceases,  stop  the  application  of  heat,  and  allow  the  mass  to  cool  in  the 
hydrogen  strearn.  The  mass  contains  the  whole  of  the  cobalt  and  nickel 
in  the  metallic  state,  the  whole  of  the  zinc  as  oxide.  Close  one  end  of  the 
tube  by  fusion,  fill  with  a concentrated  solution  of  carbonate  of  ammonia, 

* Journal  f.  prakt.  Chera.  51,  347. 
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insert  a cork  into  the  otlier  end,  and  keep  exposed  for  twenty-four  hours 
to  a gentle  lieat  (about.  105°).  The  oxide  of  zinc  dissolves  completely  in 
tliis  process  ; the  undissolved  portion,  which  consists  of  the  cobalt  and 
nickel,  is  washed  repeatedly  with  solution  of  carhonate  of  ammonia,  then 
dried  and  weighed.  The  quantity  of  the  oxide  of  zinc  is  found  by  cau- 
tiously  evaporating  the  ammoniacal  solution,  and  igniting  the  residue. 

4.  Methods  hased  upon  the  different  deportment  of  the  Chlorides  of  the 
metals  with  hydrogen  at  a red  lieat. 

PROTOXIDE  OF  COBALT  AND  PROTOXIDE  OF  NICKEL  FROM  PROT- 
OXIDE  OF  MANGANESE. 

The  oxides  are  thrown  down  from  the  solution  ; if  the  latter  is  free  from 
salts  of  ammonia,  tliis  is  effected  by  precipitating  with  solution  of  soda  ; but 
in  presence  of  a considerable  proportion  of  salts  of  ammonia,  the  best  way 
is  to  precipitate  with  sulphide  of  ammonium,  wash  the  sulphides  of  the 
metals  thrown  down,  dissolve  them  in  nitrohydrochloric  acid,  and  pre- 
cipitate with  solution  of  soda. 

The  oxides,  or  a weighed  portion  of  them,  are  introduced  into  a bulb- 
tube,  and  exposed,  in  a current  of  dry  hydrochloric  acid  gas,  to  a mode- 
rate red  heat,  until  they  are  completely  converted  into  Chlorides,  and  con- 
sequently,  until  the  formation  of  water  lias  entirely  ceased,  which  takes 
a long  time  to  accomplisli.  A strong  heat  is  now  applied  to  the  bulb, 
and  dry  hydrogen  gas  transmitted  over  the  clilorides  until  a light  vapor 
only  is  perceptible  upon  approaching  a glass  rod  moistened  with  ammonia 
to  the  mouth  of  the  tube.  The  protoclilorides  of  nickel  and  cobalt  are 
reduced  to  the  metallic  state  in  this  process,  whilst  the  protochloride  of 
manganese  remains  unaltered.  The  mass  is  allowed  to  cool  in  the  cur- 
rent of  hydrogen  gas,  and  the  bulb-tube  is  then  placed  in  a cylinder  with 
water.  The  greater  part  of  the  protochloride  of  manganese  dissolves,  a 
small  portion  floating  about  in  the  fluid,  in  the  shape  of  brown  flakes  ; 
the  cobalt  and  nickel  speedily  subside.  The  fluid,  with  the  suspended 
light  flakes  in  it,  is  decanted  from  the  reduced  metals,  and  the  latter 
washed  on  a weighed  Alter — first  with  a little  highly  dilute  hydrochloric 
acid,  then  with  water — dried,  and  weighed  (compare  also  § 88,  h.).  The 
decanted  fluid,  with  the  washings  and  some  hydrochloric  acid  added  to  it, 
is  concentrated  by  evaporation,  and  the  manganese  precipitated  with  car- 
bonate  of  soda  (§  8G).  The  results  are  accurate  (TI.  Rose). 

5.  Methods  hased  upon  the  different  capacity  of  the  several  oxides  to 
he  converted  hy  oxidising  agents  into  higher  oxides,  or  by  chlorine  into 
higher  Chlorides. 

a.  Sesquioxide  of  chromium  FROM  ALL  THE  OXIDES  OF  THE 
FOURTH  GROUP. 

Fuse  the  oxides  with  nitrate  of  potassa  and  carbonate  of  soda  (compare 
§ 125),  boil  the  mass  with  wrater,  add  a suflicient  quantity  of  spirits  of 


x 


306 


SEPARATION  OF  THE  BASES. 


[§  128. 


wine,  and  lieat  for  several  liours.  Filter,  and  determine  in  the  filtrate  the 
chromium  as  directed  § 104,  and  in  the  residue  the  bases  of  the  fourth 
group.  The  following  is  the  theory  of  tliis  process  : the  oxides  of  zinc, 
cohalt,  nickel,  iron,  and  partly  that  of  manganese,  separate  upon  fusion 
with  nitrate  of  potassa  and  carbonate  of  soda,  whilst,  on  the  other  band, 
manganate  (perhaps  also  sorne  ferrate)  and  chromate  of  potassa  are 
formed.  Upon  hoiling  with  water,  part  of  the  manganic  acid  of  the  man- 
ganate of  potassa  is  converted  into  permanganic  acid  at  the  expense  of  the 
oxygen  of  the  other  part,  which  is  reduced  to  the  state  of  binoxide  ; the 
latter  separates,  whilst  the  permanganate  of  potassa  and  the  chromate  of 
potassa  are  dissolved.  The  addition  of  alcohol,  with  the  application  of 
a gentle  heat,  effects  the  decomposition  of  the  permanganate  of  potassa, 
and  the  reduction  of  the  permanganic  acid  to  the  state  of  binoxide  of 
manganese,  which  separates.  Upon  filtering  the  mixture,  we  have  now 
the  whole  of  the  chromium  in  the  filtrate  as  alkaline  chromate,  and  all  the 
oxides  of  the  fourth  group  on  the  filter. 

The  analysis  of  the  native  compound  of  sesquioxide  of  chromium  with 
protoxide  of  iron  (chrome-iron),  requires  the  most  careful  levigation  and 
elutriation  of  the  mineral,  and  long  protracted  fusion  with  the  proper 
flux.  However,  in  most  cases,  even  the  strictest  attention  to  tliese  points 
will  not  prevent  part  of  the  mineral  remaining  undecomposed  ; in  which 
case  the  residue  left  undissolved  by  water  will  not  completely  dissolve  in 
hydrochloric  acid.  In  cases  of  this  kind,  the  weight  of  the  undecom- 
posed portion  of  the  mineral  is  determined,  and  subtracted  from  the  total 
amount  analysed. 

Calvert  recommends  to  effect  the  decomposition  of  the  clirome-ores,  by 
mixing  the  finely  pulverised  mineral  s with  from  three  to  four  parts  of 
soda-lime,  and  one  part  of  nitrate  of  soda,  and  fusing  the  mixture  for 
two  hours. 

b.  Protoxide  of  manganese  from  alumina,  protoxide  of 
nickel,  and  oxide  of  zinc  (but  not  from  protoxide  of  cobalt  and 
the  oxides  of  iron). 

Gibbss  method.*  Precipitate  the  manganese  with  binoxide  of  lead,  and 
conduct  the  process  exactly  as  in  the  Separation  of  manganese  from  mag- 
nesia  (§  127,  B.  4,  a.  a.) 

c.  Protoxide  of  manganese  from  alumina,  sesquioxide  of 

IRON,  PROTOXIDE  OF  NICKEL,  AND  OXIDE  OF  ZINC  (but  110t  frOlll 

protoxide  of  cobalt). 

Schiel' s method. f Conduct  chlorine  gas  into  the  solution  mixed  with 
acetate  of  soda  (see  § 127,  B.  4,  a.  ß.). 


* Annal.  d.  Chem.  u.  Pharm.  66,  56. 

f Sillim.  Joum.  15,  275.  Schiel  speaks  only  of  the  Separation  of  the  manganese  from 
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d.  PrOTOXIDE  OF  COBALT  AND  PROTOXIDE  OF  MANGANESE  FROM 

protoxide  of  nickel  (according  to  II.  Rose — Pogg.  Annal.  71,  545). 

Dilute  the  liydrochloric  acid  solution  in  a capacious  flask,  with  one  litre 
of  water  to  two  grms.  of  metallic  oxides  in  the  solution,  conduct  chlorine 
gas  into  the  flask,  until  the  fluid  is  saturated,  and  the  flask  is  completely 
filled  with  the  gas  ; add,  well  waslied,  freshly  precipitated  carbonate  of 
baryta  in  excess,  let  the  mixture  stand  in  the  cold  from  twelve  to  eighteen 
hours,  taking  care  to  shake  it  repeatedly ; and  then  Alter  the  fluid,  which 
contains  the  wliole  of  the  nickel,  from  the  precipitated  sesquioxide  of 
cobalt  and  manganese. 

Henry  used  bromine  instead  of  chlorine  as  the  oxidising  agent  ; he 
obtained  satisfactory  results.  Denharn  Smith  recommends  addition  of  a 
dilute  solution  of  chloride  of  lime  which  has  been  completely  decomposed 
by  addition  of  sulphuric  acid,  so  as  to  leave  no  particle  of  undecomposed 
hypochlorite  (otherwise  nickel  would  be  tlirown  down  with  the  other 
oxides). 

G.  Method  based  upon  the  different  deportment  of  the  succmates  of  the 
several  oxides. 

Sesquioxide  of  iron  from  oxide  of  zinc,  protoxide  of  man- 
ganese, PROTOXIDE  OF  NICKEL,  AND  PROTOXIDE  OF  COBALT. 

Add  to  the  solution,  if  not  strongly  acid,  chloride  of  ammonium  and 
then  neutralise  it  with  ammonia  in  a manner  to  precipitate  a very  small 
portion  of  the  sesquioxide  of  iron,  leaving  the  greater  part  in  solution ; 
add  now  a solution  of  neutral  succinate  (or  benzoate)  of  ammonia,  and 
Alter  the  fluid  from  the  succinate  of  sesquioxide  of  iron ; the  filtrate  con- 
taius  the  other  metallic  oxides.  For  the  details  of  the  process  see  § 90, 
1,  c.  With  proper  care,  the  Separation  is  complete ; the  process  is 
more  particularly  adapted  in  cases  where  the  relative  proportion  of  the 
sesquioxide  of  iron  is  rather  large. 

7.  Method  based  upon  the  different  deportment  of  the  oxalates  of  the 
several  oxides. 

Protoxide  of  cobalt  from  sesquioxide  of  iron. 

Mix  the  solution,  which  must  be  as  neutral  as  possible,  with  binoxalate 
of  potassa  (or  with  oxalic  acid  and  a sufficient  quantity  of  carbonate  of 
potassa  to  leave  the  reaction  only  moderately  acid),  and  allow  the  mixture 
to  stand  at  rest  for  three  or  four  days,  shaded  from  sunlight.  The  oxalate 
of  protoxide  of  cobalt  separates  completely,  and  free  from  iron.  Wash  it 
with  cold  water,  iguite  it  in  a stream  of  liydrogen  gas,  and  wcigh  the 
metallic  cobalt.  The  results  are  satisfactory  (II.  Rose). 

8.  Methods  based  upon  the  different  deportment  of  the  several  oxides 
with  cyanide  of  potassium. 

iron  and  nickel ; but  it  is  obvious  that  the  method  will  cqually  answer  to  cffect  its  Separation 
from  alumina  and  zinc. 
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a.  AlUMINA  FROM  OXIDE  OF  ZINC,  PROTOXIDE  OF  COBALT,  AND 
PROTOXIDE  OF  NICKEL. 

Mix  tlie  solution  with  carbonate  of  soda,  add  cyanide  of  potassium  in 
sufficient  quantity,  and  digest  in  the  cold,  until  tlie  precipitated  carbonates 
of  the  oxide  of  zinc  and  the  protoxides  of  cobalt  and  manganese  are 
dissolved.  Filter  tlie  fluid  from  the  undissolved  alumina,  wash  the  lat- 
ter,  and  remove  the  alkali  which  it  contains  hy  solution  in  hydrocliloric 
acid,  and  reprecipitating  hy  ammonia. 

b.  PROTOXIDE  OF  COBALT  FROM  PROTOXIDE  OF  NICKEL. 

Liebiff’s  method.*  Mix  the  solution  of  the  two  oxides,  which  must  he 
free  from  other  oxides,  with  hydrocyanic  acid,  then  with  solution  of 
potassa,  until  the  precipitate  which  first  formed  is  completely  redis- 
solved.  (Cyanide  of  potassium,  free  from  cyanate,  mav  be  used  in- 
stead  of  hj^drocyanic  acid  and  potassa.)  The  solution  looks  reddish- 
yellow  ; lieat  it  to  hoilitig,  to  remove  the  free  hydrocyanic  acid.  By  tliis 
process  the  double  cyanide  of  cohalt  and  potassium  (KCy,CoCy)  in  the 
solution,  is  converted,  with  evolution  of  hydrogen,  into  cohalticyanide  of 
potassium  (a  compound  of  one  equivalent  of  sesquicyanide  of  cohalt  with 
three  equivalents  of  cyanide  of  potassium  Co2Cy6  3 K),f  whilst  the  double 
cyanide  of  nickel  and  potassium  in  the  solution  remains  unaltered.  Add 
to  the  hot  solution  very  finely  divided  elutriated  bxide  of  mercury  and  boil.8 
By  tliis  Operation  the  wliole  of  the  nickel  is  precipitated  partly  as  sesqui- 
oxide  partly  as  protocyanide,  the  mercury  comhining  with  the  liberated 
cyanogen.  If  the  fluid  was  neutral  before  the  addition  of  the  oxide  of 
mercury,  it  shows  alkaline  reaction  after  boiling  with  the  latter.  The 
precipitate  lqoks  greeuisli  at  first,  or,  if  the  oxide  of  mercury  has  been 
added  in  excess,  yellowish-gray.  Wash  and  ignite.  The  residue  is  pure 
sesquioxide  of  nickel.  ^ 

To  determine  the  cobalt  in  the  filtrate,  supersaturate  with  acetic  acid, 
hoil,  precipitate  boiling  with  sulphate  of  copper,  keep  in  ebullition  for 
some  time  longer,  then  Alter  the  fluid  from  the  precipitated  cobalticya- 
nide  of  copper  (Co2Cy6,  3 Cu+7  HO),  decompose  the  latter  hy  boil- 
ing with  solution  of  potassa,  and  calculate  the  quantity  of  the  cohalt  from 
that  of  the  oxide  of  copper  obtained.  The  following  method,  recom- 
mended  hy  Wühler)  £ is  more  simple  and  convenient.  The  flltrate  is 
nearly  neutralised  with  nitric  acid  (a  slightly  alkaline  reaction  is  of  no 
consequence),  and  a solution,  as  neutral  as  possible,  of  nitrate  of  suhoxide 
of  mercury  added ; the  white  precipitate  of  cohalticyanide  of  mercury, 
which  contains  the  whole  of  tlie  cohalt,  may  he  readily  waslied,  and  gives, 

* Annal.  d.  Chem.  und  Pharm.  65,  244. 

+ 2 (Co  Cy,  K Cy)+K  Cy+Cy  H = (Co2Cyc  3 K)+H. 

X Annal.  d.  Chem.  und  Pharm.  70,  256. 
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upon  ignition  with  free  access  of  air,  pure  sesquioxide  of  cobalt ; the  re- 
duction  of  the  latter  is  effected  best  with  hydrogen.  See  § 88. 

Instead  of  precipitating  the  nickel  with  oxide  of  mercury,  you  may 
proceed  as  follows : when  you  have  expelled  the  free  hydrocyanic  acid  by 
boiling,  let  the  solution  cool,  supersaturate  it  with  chlorine,  and  redissolve 
the  precipitate  of  cyanide  of  nickel  wliich  forms,  by  addition  of  solution 
of  soda  or  potassa.  The  chlorine  does  not  act  upon  the  cobalticyanide  of 
potassium,  but  it  decomposes  the  double  cyanide  of  nickel  and  potassium, 
and  throws  down  the  whole  of  the  nickel  as  black  peroxide  ( Liebig ).* 

C.  PrüTOXIDE  OF  COBALT  FROM  OXIDE  OF  ZINC. 

Add  to  the  solution  of  the  two  oxides,  wliich  "must  contain  some  free 
hydrochloric  acid,  common  cyanide  of  potassium  (prepared  after  Liebig’  s 
method),  in  sufficient  quantity  to  redissolve  the  precipitate  of  protocyanide 
of  cobalt  and  cyanide  of  zinc  wliich  forms  at  first ; then  add  a little  more 
cyanide  of  potassium,  and  boil  some  time,  adding  occasionally  one  or  two 
drops  of  hydrochloric  acid,  but  not  in  sufficient  quantity  to  make  the  solu- 
tion acid.  Mix  the  solution  with  hydrochloric  acid  in  an  obliquely  placed 
flask,  and  boil,  until  the  cobalticyanide  of  zinc  which  precipitates  at  first, 
is  redissolved,  and  the  hydrocyanic  acid  completely  expelled.  Add  solu- 
tion of  soda  or  potassa  in  excess,  and  boil  until  the  fluid  is  clear  ; the 
solution  may  now  be  assumed  to  contain  all  the  cobalt  as  cobalticyanide  of 
potassium,  and  all  the  zinc  as  a mixture  or  compound  of  oxide  of  zinc  and 
alkali.  Precipitate  the  zinc  by  sulphuretted  hydrogen  (§  85).  Filter, 
and  determine  the  cobalt  in  the  filtrate,  as  directed  § 128,  8,  b.  The 
process  is  simple  and  the  Separation  complete. 

d.  PrOTOXIDF,  OF  COBALT  FROH  PROTOXIDE  OF  MANGANESE. 

Mix  the  solution  of  the  two  oxides  with  hydrocyanic  acid,  then  with 
solution  of  potassa  and  soda,  and  heat  the  mixture.  If  the  quantity  of 
hydrocyanic  acid  added  was  sufficient,  the  protocyanide  of  cobalt  which 
precipitated  at  first,  redissolves  completely,  whilst  the  greater  portion  of 
the  precipitated  protocyanide  of  manganese  remains  undissolvcd.  Filter, 
and  treat  the  filtrate  exactly  as  directed  § 128,  8,  b.  (Separation  of  cobalt 
from  nickel).  Ignite  the  two  manganese  precipitates  together.  Wlicn 
the  oxide  of  mercury  which  the  second  manganese  precipitate  contains  in 
admixture,  has  been  expelled,  there  remains  protosesquioxide  of  manga- 
nese. This  shows  that  cobalt  may  be  separated  also  both  from  nickel  and 
manganese  at  the  same  time ; in  which  case  the  dissolved  portion  of  the 
manganese  is  obtaiued  with  the  protoxide  of  nickel. 

9.  Methods  based  upon  the  velatility  of  eine. 

a.  Protoxide  of  cobalt  and  protoxide  of  nickel  from 

OXIDE  OF  ZINC. 

Berzelius  (Jahresbericht,  21,  144,)  rccommends  the  following  methods 
* Anna],  d.  Chem.  und  Pharm.  87,  128. 
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for  the  absolute  Separation  of  cobalt  and  nickel  from  zinc.  Precipitate 
with  solution  of  potassa  in  excess,  boil,  and  filter  the  fluid,  wliich  con- 
tains  the  greater  povtion  of  the  zinc  dissolved  in  the  caustic  potassa, 
from  the  precipitated  hydrate  of  protoxide  of  nickel  and  cobalt,  which 
also  contains  some  of  the  zinc ; wash  the  precipitate  thoroughly  with 
boiling  water,  and  determine  the  zinc  in  the  filtrate  as  directed  § 85. 
Dry  the  precipitate,  ignite,  and  weigh ; then  mix  it  in  a porcelain 
crucible  with  pure  sugar  (recrystallized  from  solution  in  alcohol),  and 
heat  slowly  until  the  sugar  is  completely  carbonised.  Place  the  crucible, 
with  the  lid  on,  into  a bath  of  magnesia  in  a larger-sized  covered  clay 
crucible,  and  expose,  for  the  space  of  one  hour,  to  the  very  highest  degree 
of  heat  attainable  by  a wind  furnace.  This  process  causes  the  reduction 
of  the  metals  : the  whole  of  the  zinc  present  rises  in  vapor,  the  nickel  and 
cobalt,  mixed  with  charcoal,  remain.  Treat  the  residue  with  nitric  acid, 
and  determine  the  oxides  by  precipitating  with  solution  of  potassa,  and 
weighing  the  precipitate.  The  difference  between  this  weight  and  that 
obtained  before  shows  the  quantity  of  tlie  oxide  of  zinc  which  has  been 
thrown  down  with  the  other  oxides.  This  method  gives  very  accurate  re- 
sults  only  in  the  Separation  of  nickel  from  zinc.  (Compare  § 88,  b.) 

b.  Zinc  from  iron,  in  alloys. 

Bobierre  States  that  these  alloys  may  be  readily  and  accurately  analysed 
by  igniting  tbem  in  a stream  of  hydrogen  gas  (see  § 130,  B.  4,  b.). 

10.  Methods  based  upon  the  volumetrical  determination  of  one  of  the 
components,  and  the  calculation  of  the  other  from  the  difference. 

a.  Sesquioxide  of  iron  fron  alumina. 

Precipitate  both  substances  with  ammonia  (§  83,  a.,  and  § 90,  1). 
Dissolve  the  weighed  residue,  entirely  or  in  part,  by  digestion  with  con- 
centrated  hydrochloric  acid,  or  by  fusion  with  bisulpliate  of  potassa  and 
treating  with  water  containing  hydrochloric  acid ; and  determine  the 
iron  by  analysis  by  measure,  as  directed  § 90,  3.  Calculate  the  alumina 
from  the  difference.  This  method  is  to  be  recommended  more  particu- 
larly  in  cases  where  the  relative  proportion  of  the  sesquioxide  of  iron  pre- 
sent is  small.  Instead  of  estimating  the  iron  by  analysis  by  measure,  you 
may  also  precipitate  it,  after  addition  of  tartaric  acid  and  ammonia,  with 
sulphide  of  ammonium. 

b.  Sesquioxide  of  iron  from  protoxide  of  iron. 

a.  Determine  in  a portion  of  the  substance  the  total  amount  of  the  iron 
as  sesquioxide,  or  by  analysis  by  measure.  Dissolve  another  portion  by 
heating  with  hydrochloric  acid  in  a flask  through  which  carbonic  acid  is 
conducted,  to  exclude  the  air ; dilute  the  solution,  and  determine  the 
protoxide  of  iron  volumetrically  (§  89,  2).  The  difference  gives  the  quan- 
tity of  the  sesquioxide.  This  convenient  and  accurate  method  will  proba- 
bly  replace  the  more  complicated  methods  liitherto  employed,  to  determine 
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protoxide  of  iron  in  presence  of  sesquioxide.  Iron  may  also  be  deter- 
mined  by  aualysis  by  measure  in  presence  of  oxide  of  zinc,  protoxide  of 
nickel,  &c. 

ß.  Bunsen' s metliod.  Fill  tbe  little  flask,  a.  (Fig.  44,  § 104)  two- 
thirds  with  fuming  hydrochloric  acid,  and  expel  the  air  by  carbonic 
acid,  by  throwing  some  fragments  of  carbonate  of  soda  into  it.  Weigh  a 
portion  of  the  substance  to  be  analysed  in  an  open  short  tube ; weigh 
in  a similar  tube  a quantity  of  bicliromate  of  potassa  slightly  in  excess  ; 
drop  the  two  tubes  into  the  flask,  put  on  the  evolution  tube,  and 
proceed  for  the  rest  as  directed  § 104,  d.  ß.  Of  course  you  will 
obtain  less  free  iodine  than  you  would  if  no  protoxide  of  iron  had 
been  dissolved  with  the  chromate  of  potassa,  as  a portion  of  the  liberated 
chlorine  is  used  to  convert  the  protochloride  of  iron  into  sesquichloride  ; 
every  one  equivalent  of  iodine  obtained  less  than  corresponds  to  the 
chromate  of  potassa  used,  is  calculated  as  two  equivalents  of  protoxide  of 
iron. 

If  you  wish  to  ascertain  the 
total  quantity  of  iron  contained  in 
the  substances,  dissolve  another 
portion  of  it  in  hydrochloric  acid 
in  the  flask  «,  and  effect  the  re- 
duction  of  the  sesquioxide  of  iron 
to  protoxide,  by  means  of  a ball 
of  chemically  pure  zinc,  cast  on  a 
fine  platinum  wire.  To  exclude 
all  access  of  air,  close  the  flask  a, 
during  the  ebullition,  with  the  ap- 
paratus  b b (Fig.  52). 

As  soon  as  the  colorless  condi- 
tion of  the  fluid  shows  that  the 
reduction  is  completed,  cool  the 
flask  in  cold  water,  lift  the  upper 
cork,  throw  a few  grains  of  car- 
bonate of  soda  into  the  acid,  draw 
the  zinc  ball  up  the  tube  b,  wash  the  fluid  adhering  to  the  ball  off  into 
the  flask,  and  remove  b b.  Add  quickly  a weighed  portion  of  bichromate 
of  potassa  in  excess,  put  on  the  evolution  tube,  and  proceed  for  the  rest 
as  just  directed. 

c.  Protoxide  of  manganese  from  alumtna  and  sesquioxide 
of  iron  (according  to  Krieger — Annal.  d.  Chem.  u.  Pharm.,  87,  261). 

Precipitate  with  carbonate  of  soda,  digest  the  precipitate  some  time 
with  the  fluid,  wash  properly,  first,  by  decantation,  tlien  on  the  Alter,  dry, 
ignite,  and  determinc  in  a sample  the  manganese  as  directed  § 112,  ap- 
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pendix.  Bear  in  mind  that  the  precipitate  contains  tlie  manganese  as 

Mn304. 

d.  Protoxide  of  manganese  from  oxide  of  zinc  (according  to 
Krieger ) . 

Precipitate  boiling  with  carbonate  of  soda,  wash  tbe  precipitate  with 
boiling  water,  dry,  and  ignite.  If  the  analvsed  substance  contained  a 
sufficient  quantity  of  zinc,  the  precipitate  consists  of  Zn  O-j-a;  Mn203. 
Weigh  a portion,  and  detennine  in  this  the  manganese,  as  directed  § 112, 
appendix.  If  the  quantity  of  zinc  present  is  insufficient,  proceed  as 
directed  § 127,  B.  4,  b.  N.B. 

1 1 . Indirect  method. 

Sesquioxide  of  iron  from  protoxide. 

Of  the  many  indirect  methods  proposed  I will  only  give  the  following  : 
Dissolve  as  in  10,  b.,  add  a solution  of  sodio-chloride  of  gold  (auro- 
perchloride  of  sodium)  in  excess,  close  the  flask,  and  allow  the  reduced 
gold,  which  separates,  to  deposit ; filter  the  fluid  from  the  gold,  and  deter- 
mine  the  latter  as  directed  § 98.  Detennine  the  total  quantity  of  the  iron 
in  the  filtrate,  or  in  another  portion  of  the  substance.  The  calculation  is 
self-evident : one  equivalent  of  gold  separated  corresponds  to  six  equi- 
valents  of  protochloride  or  protoxide  of  iron  (6  FeCl-f  AuC13  — 3 Fe2  Cl3 
+ Au).  (II.  Rose.) 

IV.  Separation  of  sesquioxide  of  iron,  alumina,  protoxide 

OF  MANGANESE,  LIME,  MAGNESIA,  POTASSA,  AND  SODA. 

§ 129. 

As  these  oxides  are  found  together  in  the  analysis  of  most  silicates,  and 
also  in  many  other  cases,  I devote  a distinct  paragraph  to  the  description 
of  the  methods  which  are  employed  to  elfect  their  Separation. 

1.  Methods  based  upon  the  employment  of  carbonate  of  baryta  as  preci- 
pitant  (particularly  applicable  in  cases  wliere  the  mixture  contains  a small 
proportion  of  lime  only). 

Precipitate  the  iron — which  must  be  present  in  the  form  of  sesquioxide 
— and  the  alumina  by  carbonate  of  baryta  (§  128,  A.  1),*  and  separate 
the  two  metals  by  one  of  the  methods  given  in  § 128.  Precipitate  the 
manganese  from  the  filtrate,  either  by  sulphide  of  ammonium,  or,  after 
addition  of  a little  hydrochloric  acid  and  Saturation  with  chlorine,  by  car- 
bonate of  baryta,  or,  as  Gibbs  recommends,  by  binoxide  of  lead.  If 
you  have  used  sulphide  of  ammonium,  dissolve  the  precipitated  sul- 
phide of  manganese  in  hydrochloric  acid,  mix  the  solution  with  some 
sulphuric  acid,  filter  off,  and  determine  the  manganese  as  directed  § 86, 

* Before  adding  the  carbonate  of  baryta  it  is  absolutely  indispensable  to  try  whether  a 
solution  of  it  in  hydrochloric  acid  is  completely  precipitated  by  sulphuric  acid,  so  that  the 
filtrate  leaves  no  residue  upon  evaporation  on  platinum. 
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1 , a.  If  you  have  used  carbonate  of  baryta  as  precipitant,  separate  the 
manganese  as  directed  § 12/  ; if  binoxide  of  lead,  proceed  as  directed 
§ 130.  Precipitate  tbe  dilute  solution  now  with  dilute  sulphuric  acid,  wash 
the  precipitate,  until  t]ie  water  running  off  is  no  longer  rendered  turbid 
by  chloride  of  barium ; if  you  have  used  binoxide  of  lead,  throw  down 
the  last  traces  of  lead  with  sulphuretted  hydrogen,  and  then  the  lime  with 
oxalate  of  ammonia.  Evaporate  the  filtrate  to  dryness,  iguite  the  residue, 
and  separate  the  magnesia  from  the  alkalies  by  one  of  the  methods  given 
in  § 121. 

In  cases  where  the  proportion  of  the  alumina  is  large,  that  of  the  iron 
and  manganese  small,  the  solution  may  be  saturated  first  with  chlorine, 
and  the  sesquioxide  of  iron,  alumina,  and  sesquioxide  of  manganese  may 
then  be  jointly  precipitated  with  carbonate  of  baryta,  the  precipitate 
dissolved  in  hydrochloric  acid,  the  baryta  thrown  down  from  the  solution 
by  sulphuric  acid  in  the  least  excess,  then  the  three  bases  by  carbonate  of 
soda,  and  the  precipitate  thoroughly  washed,  dried,  ignited,  and  weighed ; 
it  contains  the  manganese  as  Mn304.  If  this  and  the  sesquioxide  of 
iron  are  now  determined  by  the  volumetrical  method,  the  difference  will 
give  the  quantity  of  the  alumina.  It  will  be  readily  seen  that  one  and  the 
same  sample  may  be  used,  first,  for  the  determination  of  the  manganese, 
and  then  for  that  of  the  iron;  compare  § 112,  appendix,  and  § 128,  13. 
10,  b.  ß.  There  is  only  one  objection  to  this  method,  viz.,  that  it  is 
apt  to  give  a trifling  excess  of  alumina,  as  that  substance,  when  pre- 
cipitated with  a fixed  alkali,  can  hardly  ever  be  altogether  freed  from 
the  latter  by  washing.  The  joint  precipitation  of  the  alumina,  iron,  and 
manganese,  may  also  be  effected  with  ammonia,  after  previous  Saturation 
of  the  fluid  with  chlorine,  or  addition  of  hypochlorous  acid.  13ut  in 
that  case  it  is  advisable  to  let  the  precipitated  fluid  stand  some  time 
before  proceeding  to  filtration.  Care  must  also  be  taken  to  ascertain  that 
the  filtrate  contains  no  manganese,  which  may  be  done  by  adding  sul- 
phide  of  ammonium,  and  allowing  it  to  stand  some  time. 

2.  Method  based  upon  the  application  of  ammonia  as  precipitant. 

Precipitate  the  hydrochloric  acid  solution,  to  which,  if  necessary,  some 
chloride  of  ammonium  has  been  added,  with  ammonia,  and  filter  the  fluid» 
from  the  precipitate,  which  consists  principally  of  alumina  and  sesqui- 
oxide of  iron,  but  contains  also  small  quantities  of  protoxide  of  manga- 
nese, lime,  and  magnesia.  Wash  it  thoroughly,  dry,  ignite,  and  weigh. 
Dissolve  it  by  digestion  with  concentrated  hydrochloric  acid,  or  by  fusion 
with  bisulphate  of  potassa.  Boil  the  solution,  first  with  some  sulphite  of 
soda,  then  with  solution  of  soda,  by  which  means  the  alumina  will  be 
completely  dissolved  (§  128,  B.  1,  «.).  Wash  the  residue  thoroughly, 
dissolve  it  in  hydrochloric  acid,  precipitate  the  sesquioxide  of  iron  with 
succinate  of  ammonia,  and  determine  either  in  the  filtrate  separately  the 
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small  quantities  of  manganese,  lime,  and  magnesia — wliich  is  the  safer 
way  on  account  of  tlie  possible  presence  of  an  alkali — or  unite  the  filtrate 
with  the  fluid  filtered  from  the  precipitate  produced  by  ammonia,  and 
treat  the  mixture  as  directed  in  1. 

If  the  fluid  is  saturated  with  chlorine  previously  to  the  addition  of  the 
ammonia,  the  wliole  of  the  manganese  is  obtained  in  the  first  precipitate  ; 
if  the  quantity  of  manganese  is  small,  addition  of  chlorine  water  suflices  ; 
indeed,  as  a rule,  this  may  be  said  to  be  the  best  way. 

3.  Method  based  upon  the  application  of  sulphide  of  ammonium  as  pre- 
cipitant. 

Mix  with  ammonia  until  a precipitate  just  begins  to  form,  then  with 
sulphide  of  ammonium,  allow  the  precipitate,  which  contains  iron,  manga- 
nese, and  alumina,  to  subside,  and  then  Alter  the  fluid  from  it.  Sepa- 
rate the  lime,  magnesia,  and  alkalies,  in  the  filtrate,  as  directed  § 121. 
Dissolve  the  precipitate  in  hydrochloric  acid,  and  separate  the  alumina 
from  the  iron  and  manganese  by  solution  of  soda,  and  then  finally  the  iron 
from  the  manganese  by  succinate  of  ammonia. 

4.  Metliod  based  upon  the  decomposition  of  the  nitrates  (according  to 
Deville ) . 

This  method  presupposes  that  the  bases  are  combined  with  nitric  acid 
only. 

Proceed  first  as  directed  § 124,  A.  2.  The  escape  of  fumes  of  nitrous 
acid  observed  during  the  heating  of  the  nitrates,  is  no  sign  of  the  total 
decomposition  of  the  nitrates  of  sesquioxide  of  iron  and  alumina,  as  these 
vapors  owe  their  formation  to  the  conversion  of  the  nitrate  of  protoxide  of 
manganese  into  binoxide.  Stop  the  application  of  lieat  when  no  more 
vapors  are  evolved,  and  the  substance  has  acquired  a uniform  black  color. 
After  the  treatment  with  nitrate  of  ammonia  (§  124,  A.  2),  the  solution 
contains  nitrate  of  lime,  nitrate  of  magnesia,  and  nitrates  of  the  alkalies, 
the  residue,  alumina,  sesquioxide  of  iron,  and  binoxide  of  manganese. 
That,  under  certain  circumstances,  some  manganese  is  dissolved,  has  been 
stated  already  in  § 127,  B.  4,  y. ; the  small  quantity  of  manganese  which 
has  thus  got  into  the  solution,  is  found  with  the  magnesia,  and  finally 
separated  from  the  latter. 

Deville  recommends  the  following  methods  to  effect  the  further  Sepa- 
ration of  the  bases  : 

a.  Heat  the  residue  with  moderately  stroug  nitric  acid,  until  the  alu- 
mina and  sesquioxide  of  iron  are  dissolved,  leaving  the  residuary  binoxide 
of  manganese  of  a pure  black  color.  Ignite  the  residue,  and  weigh  the 
protosesquioxide  of  manganese  formed.  Evaporate  the  solution  in  a pla- 
tinum  crucible,  ignite,  and  wreigh  the  mixture  of  sesquioxide  of  iron  and 
alumina,  and  which  may  possibly  also  contain  some  protosesquioxide  of 
manganese.  Treat  a portion  of  it  as  directed  § 128,  B.  3,  a.  ß. ; this 
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gives  the  weiglit  of  the  alumina.  If  manganese  was  present  the  iron 
cannot  be  estimated  from  the  diflPerence.  Deville  therefore  evaporates 
tbe  solution  of  the  protochlorides  with  sulphuric  acid,  ignites  gently,  and 
from  the  residue,  which  consists  of  sesquioxide  of  iron  and  some  sulphate 
of  protoxide  of  manganese,  dissolves  the  latter  with  water.  Should  the 
heat  applied  have  been  too  strong,  which  might  possiblv  lead  to  the  de- 
composition  also  of  sulphate  of  protoxide  of  manganese,  the  residue  is 
moistened  with  a mixture  of  oxalic  acid  and  nitric  acid,  some  sulphuric 
acid  added,  and  the  process  repeated. 

b.  From  the  filtrate  precipitate  first  the  lime  by  oxalate  of  ammonia 
added  in  the  least  excess,  filter,  evaporate  the  filtrate  to  dryness,  and 
separate  the  magnesia  and  the  alkalies  as  directed  §121. 

FIFTH  GROUP. 


OXIDE  OF  SILVER SUBOXIDE  OF  MERCURY — OXIDE  OF  MERCURY 

OXIDE  OF  LEAD — TEROXIDE  OF  BISMUTH OXIDE  OF  COPPER 

OXIDE  OF  CADMIUM. 

I.  Separation  of  the  oxides  of  the  fifth  group  from  those 

OF  THE  PRECEDING  FOUR  GROUPS. 

§ 130. 

Index  : Oxide  of  silver  from  the  oxides  of  groups  1 — 4 : A.  ; B.  1. 

Oxide  of  mercury  from  the  oxides  of  groups  1 — 4 : A.  ; B.  2. 
Suboxide  of  mercury  from  the  oxides  of  groups  1 — 4 : A.  ; B.  2. 
Oxide  of  lead  from  the  oxides  of  groups  1 — 4 : A. ; B.  3 ; — from 
protoxide  of  manganese  : B.  6. 

Teroxide  of  bisrnuth  from  the  oxides  of  groups  1 — 4:  A; — from 
protoxide  of  manganese  : B.  6. 

Oxide  of  copper  from  the  oxides  of  groups  1 — 4 : A. ; — from  oxide 
of  zinc  : B.  4 ; — from  protoxide  of  manganese  : B.  6. 

Oxide  of  cadmium  from-  the  oxides  of  groups  1 — 4:  A; — from 
oxide  of  zinc  and  protoxide  of  nickel : B.  5 ; — from  pro- 
toxide of  manganese  : B.  5 and  6. 

A.  General  method. 

Separation  of  all  the  oxides  of  the  fifth  group  from 

THOSE  OF  THE  PRECEDING  FOUR  GROUPS. 

Principle  : Sulphuretted  hydrogen  precipitates  from  acid  Solutions  the 
metals  of  the  fifth  group,  but  not  those  of  the  first  four  groups. 

The  following  points  require  especial  attention  in  the  execution  of  the 
process  : 

a.  To  effect  the  Separation  of  the  oxides  of  the  fifth  group  from  those 
of  the  first  three  groups,  by  means  of  sulphuretted  hydrogen,  it  is  neces- 
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sary  simply  that  the  reaction  of  the  solution  be  acid,  the  nature  of  the  acid 
to  whicli  the  reaction  is  due  heilig  a matter  of  no  consequence.  But  to 
effect  the  Separation  of  the  oxides  of  the  fiftli  from  tliose  of  the  fourth 
group,  the  presence  of  a free  mineral  acid  in  the  fluid  is  indispensable ; 
otherwise  zinc  and,  under  certain  circumstances,  also  cobalt  and  nickel, 
may  fall  down  witli  the  oxides  of  the  fifth  group. 

ß.  But  even  the  addition  of  a tolerably  large  quantity  of  hydrocliloric 
acid  to  the  fluid  will  not  always  prevent  the  precipitation  of  the  zinc.* 
The  precipitated  sulpliides  of  the  metals  of  the  fifth  group  must  therefore 
in  the  ulterior  analytical  processes,  always  he  treated  so  as  to  secure  the 
Separation  of  the  zinc  whicli  they  may  possihly  hold  in  admixture. 

y.  Hydrocliloric  acid  is  used  in  preference  as  acidifying  agent,  except 
wliere  it  would  produce  a precipitate  in  the  fluid,  in  whicli  case  nitric  acid 
is  employed,  and  the  solution  largely  diluted. 

8.  To  effect  the  complete  precipitation  of  the  sulpliides  corresponding 
to  the  oxides  of  the  fifth  group,  the  solution  must  be  diluted  to  a certain 
degree,  even  though  no  other  acid  besides  hydrochloric  be  present. 

B.  Special  rnethods. 

Separation  of  individual  oxides  of  the  fifth  group  from 

SOME,  OR  FROM  ALL  OXIDES  OF  THE  FIRST  FOUR  GROUPS. 

1.  Silver  is  most  simply  and  completely  separated  from  the  oxides 
of  the  first  four  groups,  by  meaus  of  hydrochloric  acid.  The  hy- 
drochloric acid  must  not  he  used  too  largely  in  excess,  and  the  solution 
must  be  sufficiently  diluted  ; otherwise  a portion  of  the  silver  will  remain 
in  solution.  Care  must  be  taken  also  not  to  forget  the  addition  of  nitric  acid, 
wliich  promotes  the  Separation  of  the  chloride  of  silver.  The  latter  had, 
under  tliese  circumstances,  better  be  collected  and  waslied  on  a filter  (§91, 
1,  a.  ß.),  as  washing  by  decantation  would  give  too  large  a bulk  of  fluid. 

2.  The  Separation  of  mercury  from  the  metals  of  the  first  four 
groups  may  be  effected  also  by  ignition,  whicli  will  cause  the  volatilisa- 
tion  of  the  mercury  or  the  mercurial  compound,  leaving  the  non-volatile 
bodies  behind.  The  method  is  applicable  to  alloys  as  well  as  to  oxides, 
Chlorides,  and  sulpliides.  Whicli  of  these  several  methods  may  be  the 
most  appropriate  depends  upon  the  nature  of  the  metals  from  wliich  the 
mercury  is  to  be  separated,  and  the  selection  is  accordingly  guided  by  the 
deportment  of  the  respective  Compounds.  The  quantity  of  mercury  is 
estimated,  in  this  method,  either  from  the  loss  of  weight  suffered  by  the 

* Jiivot  and  Bouquet  bave  pronounced  a complete  Separation  of  copper  from  zinc,  by 
means  of  sulphuretted  hydrogen,  to  be  altogether  impracticable  (Annal  d.  Chem.  und  Pbarm. 
80,  664);  but  Spirgatis  (Journal  f.  prakt.  Chem.  58,  351)  bas  shown — what  Rose  also 
States  with  positive  certainty — that  complete  Separation  is  readily  effected  whenever  a suffi- 
cicnt  quantity  of  free  acid  is  present,  for  instance,  wben  the  oxides  are  dissolved  in  a mixture 
of  1 00  parts  of  water  and  30  of  hydrochloric  acid  of  TI 3 sp.  gr. 
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ignited  substance,  in  which  case  tlie  Operation  is  conducted  in  a crucible, 
or  the  sublimed  mercury  is  collected  and  weighed  as  directed  § 94,  1,  a. 
The  best  way,  where  it  is  practicable,  is  to  proceed  in  tbe  manner  described 
§ 131,  6 (Separation  of  mercury  from  silver,  &c.). 

Mercury  in  the  form  of  suboxide  may  also  be  separated  and 
determined  by  precipitating  with  liydrochloric  acid. 

3.  From  tiiose  bases  wiiich  form  soluble  salts  with  sul- 
phuric  acid,  oxide  of  lead  may  be  readily  separated  by  that  acid. 
The  results  are  very  satisfactory,  if  the  rules  given  in  § 92,  2,  are  strictly 
adhered  to. 

4.  Oxide  of  copper  from  oxide  of  zinc. 

a.  Rivot  and  Bouquet * liave  recommended  the  following  process  to 
effect  the  Separation  of  these  two  Oxides.  Saturate  the  dilute  nitric  acid  or 
hydrochloric  acid  solution  with  ammonia  ; add  solid  hydrate  of  potassa 
in  slight  excess,  and  heat  gently  in  the  sand  bath  until  the  fluid  has  be- 
come  colorless,  and  smells  no  longer  of  ammonia.  Wash  the  precipitated 
oxide  of  copper  with  boiling  water.  Acidulate  the  alkaline  filtrate  with 
hydrochloric  acid,  and  precipitate  the  zinc  from  it  with  carbonate  of  soda. 
Spirgatis  f obtained  unsatisfactory  results  by  this  metbod,  finding  about 
equal  quantities  of  zinc  and  copper  in  the  solution  ; and  as  this  was  found 
to  be  the  case  also  in  my  own  laboratory,  I cannot  recommend  the  process. 

b.  Bobierre  employed  the  following  method  with  satisfactory  results  in 
the  analysis  of  many  alloys  of  zinc  and  copper.  The  alloy  is  put  into  a 
small  porcelain  boat  stauding  in  a porcelain  tube,  and  lieated  to  redness 
for  three  quarters  of  an  liour  at  the  most,  a rapid  stream  of  hydrogen  gas 
being  conducted  over  it  during  the  process.  The  zinc  volatilises,  the  cop- 
per remains  behind.  Lead  also  (if  that  metal  be  present)  is  not  vola- 
tilised  in  this  process. 

c.  As  in  the  Separation  of  copper  from  zinc,  by  means  of  sulphuretted 
hydrogen,  the  oxide  of  copper  obtained  may,  under  certain  circumstances, 
contain  oxide  of  zinc,  I recommend  the  following  process  to  test  the  oxide 
of  copper  for  oxide  of  zinc,  and  to  remove  the  latter.  When  you  have 
weighed  the  oxide  of  copper,  reduce  it  as  directed  § 88,  in  the  apparatus 
illustrated  by  Fig.  40 ; heat  the  metallic  copper  which  has  been  cooled  in 
tbe  stream  of  hydrogen  gas,  for  some  time  with  water  and  hydrochloric 
acid,  Alter,  wash,  conduct  a few  bubbles  of  sulphuretted  hydrogen  into  the 
fluid,  to  precipitate  any  traces  of  copper  which  might  possibly  have  been 
dissolved,  and  determine  the  zinc  as  directed  § 85,  a. 

5.  Oxide  of  cadmium  from  oxide  of  zinc,  protoxide  of 

MANGANESE,  AND  PROTOXIDE  of  NICKEL. 


* Ann.  de  Chim.  et  de  Phys.  33,  24.  Ann.  der  Chem.  und  Fharm.  80,  2G4. 
f Journ.  f.  prakt.  Chem.  57,  184. 
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Mix  the  solution  with  carbonate  of  baryta,  and  digest  the  mixture  in 
the  cold.  Oxide  of  cadmium  is  completely  precipitated,  the  otlier  oxides 
remain  in  solution  (compare  § 128,  A.  1). 

6.  PrOTOXIDE  OF  MANGANESE  FROM  OXIDE  OF  LEAD,  TEROXIDE 
OF  BISMUTH,  OXIDE  OF  CADMIUM,  AND  OXIDE  OF  COPPER. 

If  you  have  a solution  containing  protoxide  of  manganese  and  one  of 
the  otlier  bases,  precipitate  the  hot  solution  with  carbonate  of  soda,  wasli 
the  precipitate  with  boiling  water,  first  by  decantation,  then  on  the  filter, 
dry,  ignite  sorne  time,  weigli,  and  determine  in  a portion  of  the  residue, 
the  manganese  by  the  volumetrical  metliod  (§  112,  appendix).  If  the 
oxide  of  lead,  of  copper,  of  cadmium,  or  the  teroxide  of  bismutli  is  pre- 
sent in  sufiicient  quantity,  the  residue  has  the  formula 

Mn203  + x MO. 

Compare  § 127,  B.  4,  b.  N.B.  {Krieger).  You  must  never  neglect  adding 
some  sulphide  of  ammoniuin  to  the  filtrate  to  ascertain  whether  the  oxides 
liave  been  entirely  precipitated  by  carbonate  of  soda,  since  oxide  of  cop- 
per, more  especially,  is  not  readily  completely  precipitated  by  carbonates 
of  the  alkalies. 


II.  Separation  of  the  oxides  of  the  fifth  group  from  each 

OTHER. 

§ 131. 

Index  : Oxide  of  silver  from  oxide  of  copper  : 1 , a. ; 3,b.  c.  and  d. ; 5,  b. ; 
7 ; — from  oxide  of  cadmium  : 1,  a.  ; 3,  b.  and  d. ; — from  teroxide  of 
bismuth : 1,  a. ; 3,  a.  and  d.  ; 6,  b.  ; — from  oxide  of  mercury  : 1, 
a. ; 3,  b.  and  d. ; 6,  a.  ; — from  oxide  of  lead:  1,  a.  ; 2 ; 3,  a.  and 
d. ; 4,  c.  ; 5,  b.  ; 7. 

Oxide  of  mercury  from  oxide  of  silver : 1,  a. ; 3,  b.  and  d. ; 6,  a.  ; — 
from  suboxide  of  mercury  : 1 , b. ; — from  oxide  of  lead : 1,  c. ; 2 ; 3, 
a.  and  d. ; 6,  a. ; — from  teroxide  of  bismuth  : 3,  a.  and  d. ; — from 
oxide  of  copper  : 3,  c.  and  d. ; 5,  a. ; 6,  a. ; — from  oxide  of  cadmium  : 
5,  a. 

Suboxide  of  mercury  from  oxide  of  mercury  : 1,  b. ; — from  other 
metals  : sw  oxide  of  mercury. 

Oxide  of  lead  from  oxide  of  silver  : 1,  a. ; 2 ; 3,  a.  and  d.  ; 4 , c. ; 
5,  b.  ; 7 ; — from  oxide  of  mercury  : 1,  c. ; 2 ; 3,  a.  and  d. ; 6,  a.;  — 
from  oxide  of  copper : 1,  c. ; 2 ; 3,  a.  and  d. ; — from  teroxide  of  bis- 
muth : 1,  c. ; 2 ; 6,  b. ; 8 ; — from  oxide  of  cadmium : 2 ; 3,  a.  aud  d. 

Teroxide  of  bismuth  from  oxide  of  silver  : 1,  a. ; 3,  a.  andt/.  ; 6,  b ; 
— from  oxide  of  lead  : 1,  c. ; 2;  6,  b.  ; 8 ; — from  oxide  of  copper  : 3,  a. 
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and  d. ; 4,  a. ; 6,  b.  ; — from  oxide  of  cadmium  : 3,  a.  and  d. ; — from 
oxide  of  mercury : 3,  a.  and  d. 

Oxide  of  copper  from  oxide  of  silver  : 1,  a. ; 3,  b.  c.  and  d. ; 5,  b. ; 
7 ; — from  oxide  of  lead  : 1,  c.  ; 2 ; 3,  a.  and  d. ; — from  teroxide  of 
bismuth  : 3,  a.  and  d.  ; 4,  a. ; 6,  b.  ; — from  oxide  of  mercury  : 3,  c. 
and  d.  ; 5,  a.  ; G,  a.  ; — from  oxide  of  cadmium  : 3,  c.  and  d. ; 4,  b. 

Oxide  of  cadmium  from  oxide  of  silver  : 1,  a. ; 3,  b.  and  d. ; — from 
oxide  of  lead  : 2 ; 3,  a.  and  d.  ; — from  teroxide  of  bismuth  : 3,  a.  and 
d. ; — from  oxide  of  copper  : 3,  c.  and  d. ; 4,  b. ; — from  oxide  of  mer- 
cury : 5,  a. 

1 . Methods  based  upon  the  insolubility  of  certain  metallic  chlorides  in 
water  or  spirits  of  wine. 

a.  Oxide  of  silver  from  oxide  of  copper,  oxide  of  cad- 
mium, TEROXIDE  OF  BISMUTH,  OXIDE  OF  MERCURY,  AND  OXIDE  OF 
LEAD. 

a.  To  separate  oxide  of  silver  from  oxide  of  copper , oxide  of  cadmium , 
and  teroxide  of  bismuth,  add  to  the  nitric  acid  solution  hydrochloric  acid 
as  long  as  a precipitate  forms,  and  separate  the  precipitated  chloride  of 
silver  from  the  other  oxides  in  the  solution,  as  directed  § 91,  1 . 

ß.  The  Separation  of  silver  from  oxide  of  mercury  is  effected  in  the 
same  way,  with  this  modification,  that  the  fluid  is  precipitated  witli  solution 
of  chloride  of  sodium,  after  previous  addition  of  acetate  of  soda  or  acetate 
of  ammonia.  If  this  addition  is  neglected,  the  solution  does  uot  clear 
after  the  precipitation  ( Levol ) ; moreover,  some  chloride  of  silver  remains 
in  solution,  as  that  salt  dissolves  in  notable  quantity  in  solution  of  nitrate 
of  oxide  of  mercury  ( Wackenroder , Liebiy).  Ann.  der  Chem.  und  Pharm. 
81,  128. 

y.  In  the  Separation  of  silver  from  lead , the  precipitation  is  also  pre- 
ceded  by  addition  of  acetate  of  soda.  The  fluid  must  be  hot,  and  the 
hydrochloric  acid  rather  dilute  ; no  more  must  be  added  of  the  latter 
tlian  is  neccssary.  In  this  mauner  the  Separation  may  be  readily  effected, 
since  chloride  of  lead  dissolves  in  acetate  of  soda  (Anthon).  The  lead  is 
thrown  down  from  the  filtrate  by  sulphuretted  hydrogen. 

8.  The  volumetrical  metliod  (§  91,  5)  is  mostly  had  recourse  to  in  the 
mint,  to  determine  the  silver  in  alloys.  In  presence  of  mercury  acetate  of 
soda  is  added  to  the  fluid,  immediately  before  the  addition  of  the  solution 
of  chloride  of  sodium  (see  ß.). 

b.  Suboxide  of  mercury  from  oxide  of  mercury,  oxide  of 

COPPER,  OXIDE  OF  CADMIUM,  AND  OXIDE  OF  LEAD. 

Mix  the  highly  dilute  cold  solution  with  hydrochloric  acid,  as  long  as  a 
precipitate  (subchloride  of  mercury)  continues  to  form  ; allow  this  to  de- 
posit,  Alter  it  on  a tared  Alter,  dry  at  212°,  and  weigh.  The  filtrate  con- 
tains  the  other  oxides.  If  you  have  to  analyse  a solid  compound  of  the 
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oxides,  insoluble  in  water,  you  may  either  treat  it  directly,  in  the  cold, 
with  dilute  hydrochloric  acid,  or  you  may  dissolve  in  higlily  dilute  nitric 
acid,  and  mix  the  solution  with  a large  quantity  of  wTater  before  proceed- 
ing  to  precipitate.  Care  must  alvvays  be  taken  to  effect  the  solution  in  a 
manner  excluding  the  clianee  of  a conversion  of  the  suboxide  of  mercury 
into  oxide. 

c.  Oxide  of  lead  from  oxide  of  mercury,  oxide  of  copper, 

AND  TEllOXIDE  OF  BISMUTH. 

Mix  the  concentrated  nitric  acid  solution  with  hydrochloric  acid  in  ex- 
cess,  add  a large  quantity  of  strong  alcohol  and  some  ether,  and  proceed 
generally  as  directed  § 92,  4.  Heat  the  filtrate  until  the  alcohol  is  ex- 
pelled,  and  precipitate  the  metals  by  sulphuretted  hydrogen. 

2.  Methods  based  upon  the  insolubility  of  sulphate  of  oxide  oflead. 

Oxide  of  lead  from  all  other  oxides  of  the  fifth  group. 

Mix  the  nitric  acid  solution  with  pure  sulphuric  acid  in  excess,  evapo- 

rate  until  the  sulphuric  acid  begins  to  volatilise,  allow  the  fluid  to  cool, 
add  water  (in  which,  if  there  is  a sufficient  quantity  of  free  sulphuric  acid 
present,  even  the  sulphates  of  oxide  of  mercury  and  of  teroxide  of  bis- 
muth  dissolve  completely),  and  then  Alter  the  solution,  which  contains 
the  other  oxides,  without  delay  from  the  undissolved  sulphate  of  oxide 
of  lead.  Wash  the  latter  with  water  containing  sulphuric  acid,  lastly 
with  alcohol,  dry,  and  weigh  (§  92,  2).  Precipitate  the  other  oxides 
from  the  filtrate  by  sulphuretted  hydrogen.  Sulphate  of  oxide  of  silver 
being  difficultly  soluble ; this  method  cannot  be  recommended  in  pre- 
sence  of  oxide  of  silver  in  notable  quantity. 

3.  Methods  based  upon  the  different  deportment  of  the  several  oxides 
and  sulphides  with  cyanide  of  potassium  (according  to  Fresenius  and 
Haidlen,  Annal.  der  Chem.  und  Pharm.  43,  129). 

a.  Oxide  of  lead  and  teroxide  of  bismuth  from  all  other 

OXIDES  OF  THE  FIFTH  GROUP. 

Mix  the  dilute  solution  with  carbonate  of  soda  in  slight  excess,  add 
solution  of  cyanide  of  potassium  (free  from  sulphide  of  potassium),  heat 
gently  for  some  time,  Alter,  and  wash.  On  the  Alter  you  have  carbonate 
of  oxide  of  lead  and  of  teroxide  of  bismuth,  mixed  with  alkali ; the  filtrate 
contains  the  other  metals  as  cyanides  in  combination  with  cyanide  of 
potassium.  The  method  of  effecting  their  ulterior  Separation  will  be 
learntfrom  what  follows. 

b.  Oxide  of  silver  from  oxide  of  mercury,  oxide  of  cop- 

/ 

PER,  AND  OXIDE  OF  CADMIUM. 

Add  to  the  solution,  which,  if  it  contain  much  free  acid,  must  pre- 
viously  be  neutralised  with  soda,  cyanide  of  potassium,  until  the  precipitate 
which  forms  at  first  is  redissolved.  The  solution  contains  the  cyanides  of 
the  metals  in  combination  with  cyanide  of  potassium  as  soluble  double 
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salts.  Add  dilute  nitric  acid  in  excess,  which  effects  the  decomposi- 
tion  of  the  double  cyanides  ; the  insoluble  cyauide  of  silver  precipitates 
permanently,  whilst  the  cyauide  of  mercury  remains  in  solution,  and  the 
cyanides  of  copper  and  cadmium,  which  first  fall  down,  redissolve  in  the 
excess  of  nitric  acid.  Treat  the  cyanide  of  silver  as  directed  § 91,  3. 
If  the  filtrate  contains  only  mercury  and  cadmium,  precipitate  at  once 
with  sulphuretted  hydrogen,  whereby  the  sulphides  of  the  two  metals  are 
completely  thrown  down  ; but  if  it  contains  copper,  you  must  first  evapo- 
rate  with  sulphuric  acid,  until  the  odor  of  hydrocyanic  acid  is  uo  longer 
perceptible,  and  then  precipitate  with  sulphuretted  hydrogen,  or  at  once 
with  solution  of  soda  (§  95,  1). 

c.  Oxide  of  copper  from  oxide  of  silver,  oxide  of  mercury, 

AND  OXIDE  OF  CADMIUM. 

Mix  the  solution,  as  in  b.,  with  cyanide  of  potassium,  until  the  precipi- 
tate which  is  first  thrown  down  redissolves ; add  sorae  more  cyanide  of  po- 
tassium, then  sulphuretted  hydrogen  water,  or  sulphide  of  ammonium,  as 
long  as  a precipitate  continues  to  form.  The  sulphides  of  silver,  cadmium, 
and  mercury  are  completely  thrown  down,  whilst  the  copper,  as  sulphide 
dissolved  in  cyanide  of  potassium,  remains  in  solution.  Allow  the  preci- 
pitate to  subside,  decant  repeatedly,  treat  the  precipitate,  for  security, 
once  more  with  some  solution  of  cyanide  of  potassium,  heat  gently,  filter, 
and  wash  the  sulphides  of  the  metals.  To  determine  the  copper  in  the 
filtrate,  evaporate  the  latter  with  addition  of  nitric  acid  and  sulphuric  acid, 
until  tliere  is  no  longer  any  odor  of  hydrocyanic  acid  perceptible,  and  then 
precipitate  with  solution  of  soda  (§  95,  1). 

d.  Metals  of  the  fifth  Group  from  each  other. 

Mix  the  dilute  solution  with  carbonate  of  soda,  then  with  cyanide  of 
potassium  in  excess,  digest  some  time  at  a gentle  heat,  and  filter.  On  the 
filter  you  have  carbonate  of  lead  and  of  teroxide  of  bismuth,  mixed 
with  alkali ; separate  the  two  metals  by  the  proper  method.  Add  to 
the  filtrate  dilute  nitric  acid  in  excess,  and  filter  the  fluid  from  the 
precipitated  cyanide  of  silver,  which  determine  as  directed  § 91,  3. 
Neutralise  the  filtrate  with  carbonate  of  soda,  add  cyanide  of  potassium, 
and  conduct  into  the  fluid  sulphuretted  hydrogen  in  excess.  Add  now 
some  more  cyanide  of  potassium,  to  redissolve  the  sulphide  of  copper 
which  may  have  fallen  down,  and  filter  the  fluid,  which  contains  the 
whole  of  the  copper,  from  the  precipitated  sulphide  of  mercury  and  sul- 
phide of  cadmium.  Determine  the  copper  as  directed  in  c.,  and  separate 
the  mercury  and  cadmium  as  directed  § 131,  5,  a. 

4.  Methods  based  upon  the  solubility  of  some  oxides  in  ammonia  or 
carbonate  of  ammonia. 

a.  Oxide  of  copper  from  teroxide  of  hismuth. 

a.  Mix  the  solution  (in  nitric  acid)  with  carbonate  of  ammonia  in  ex- 
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cess.  The  bismuth  separates  as  carbonate  of  teroxide,  wliilst  the  carbo- 
nate  of  copper  is  redissolved  by  the  excess  of  carbonate  of  ammonia. 
Allovv  the  fluid  to  digest  for  some  time  in  a warm  place,  Alter,  and  wash 
the  precipitate,  pouring  over  it  during  this  Operation  from  time  to  time 
some  solution  of  carbonate  of  ammonia,  to  remove  the  last  traces  of  copper. 
If  the  fluid  was  free  from  sulphuric  acid  and  chlorine,  the  precipitate  may 
be  at  once  ignited  and  weighed  ; but  in  the  contrary  case,  redissolve  it  in 
nitric  acid,  and  precipitate  once  more  with  carbonate  of  ammonia  (§  96,  «.). 
Apply  heat  to  the  filtrate  tliat  the  carbonate  of  ammonia  may  volatilise 
(adding  finally  some  ammonia),  and  determine  the  copper  as  directed  § 95, 
1,  a.  ß.  This  process  is  more  convenient  than  3,  «.,  but  the  Separation 
is  less  accurate. 

ß.  Mix  tbe  solution  with  some  chloride  of  ammonium,  and  drop  it  gra- 
dually  into  dilute  solution  of  ammonia.  The  bismuth  is  precipitated  as  a 
basic  salt,  whilst  the  oxide  of  copper  remains  in  solution  as  an  ammoniacal 
double  salt  (Berzelius) . Wash  the  precipitated  salt  of  bismuth  with  dilute 
solution  of  ammonia,  dissolve  it  in  dilute  nitric  acid,  and  determine  the 
bismuth  as  directed  § 96.  Determine  the  copper  in  the  ammoniacal  solu- 
tion as  directed  § 95,  1,  a.  ß. 

b.  Oxide  of  copper  from  oxide  of  cadmium. 

Add  carbonate  of  ammonia  in  excess.  Carbonate  of  oxide  of  cadmium 
separates,  whilst  the  oxide  of  copper  remains  in  solution  with  some  oxide 
of  cadmium.  Upon  exposure  to  air,  the  latter  separates,  the  former  re- 
maining  in  solution  ( Stromeyer ).  Treat  the  solution  as  in  a.  a.  The 
process  is  more  convenient  than  3,  c.,  but  the  Separation  is  less  accurate 
than  by  the  latter  method. 

c.  Chloride  of  lead  and  chloride  of  silver  may  be  separated 
also  by  solution  of  ammonia,  which  dissolves  the  latter,  leaving  the  former 
undissolved  as  basic  chloride  of  lead.  Bear  in  mind  that  the  chloride  of 
silver  must  be  recently  precipitated,  and  the  light  carefully  excluded  during 
the  process. 

5.  Methods  based  upon  the  reduction  of  some  oxides  or  chlorides  by 
formiate  of  soda. 

a.  Oxide  of  mercury  from  oxide  of  copper  and  oxide  of 

CADMIUM. 

Mix  the  solution  with  hydrochloric  acid,  if  it  does  not  already  contain 
that  acid,  nearly  saturate  with  soda,  and  precipitate  the  mercury  with  for- 
miate of  soda,  as  directed  § 94,  2.  The  copper  and  cadmium  in  the  fluid, 
filtered  from  the  subchloride  of  mercury,  are  separated  and  determined  by 
the  proper  method. 

b.  Oxide  of  silver  from  oxide  of  copper  and  oxide  of  lead. 

Saturate  the  solution  with  soda,  add  formiate  of  an  alkali,  and  apply 

heat  until  the  evolution  of  carbonic  acid  ceases.  The  silver  separates 
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completely  in  the  metallic  state,  the  oxide  of  copper  and  oxide  of  lead  re- 
main  in  solution  ( Ii . Rose). 

6.  Methods  based  upon  the  volatility  of  some  metals,  oxides,  or  Chlo- 
rides, at  a high  temperature. 

a.  Mercury  from  silver,  lead,  copper  (in  general  trom  the 
metals  forming  non-volatile  Chlorides). 

The  process  is  conducted  in  the  apparatus  illustrated  by  Fig.  53. 


Fig.  53. 

Precipitate  with  sulphuretted  hydrogen,  collect  the  precipitated  sul- 
phides  on  a weighed  filter,  dry  at  212°,  and  weigh.  Introduce  a weighed 
portion  of  the  dry  precipitate  into  the  bulb  e ; transmit  a slow  stream  of 
chlorine  gas  through  the  tube,  and  apply  a gentle  heat  to  the  bulb,  increas- 
ing  it  gradually  to  faint  redness.  First  chloride  of  sulphur  distils  over,  which 
decomposes  with  the  water  in  the  flasks  f and  h (§  116,  II.  c.),  then  the 
chloride  of  mercury  formed  volatilises,  condensing  partly  in  the  flask  f 
partly  in  the  hind  part  of  the  tube  g.  Cut  off  that  part  of  the  tube, 
rinse  the  Sublimate  with  water  into  the  flask  f and  add  to  the  contents 
of  the  latter  also  the  water  in  h.  Heat  the  solution  until  the  smell  of 
chlorine  is  gone  off,  and  then  determine  in  the  fluid  filtered  from  the  sul- 
phur which  may  still  remain  undissolved,  the  mercury  as  directed  § 94. 
If  the  residue  consists  of  silver  only,  or  of  lead  only,  you  may  weigh  it 
at  once;  but  if  it  contains  several  metals  you  must  reduce  the  Chlorides  by 
ignition  in  a stream  of  hydrogen  gas,  and  dissolve  the  reduced  metals  in 
nitric  acid,  for  their  ulterior  Separation.  Bear  in  mind  that,  in  presence 
of  lead,  the  sulphides  and  the  Chlorides  of  the  metals  must  be  heated 
gently,  the  former  in  a stream  of  chlorine,  the  latter  in  a stream  of  hy- 
drogen gas,  otherwise  some  chloride  of  lead  might  volatilise.  The  mercury 
may  also  often  be  determined  from  the  loss  which  the  analysed  substance 
has  suffered  by  the  process  of  ignition. 

b.  TeROXIDE  OF  BISMUTH  FROM  OXIDE  OF  SILVER,  OXIDE  OF  LEAD, 
AND  OXIDE  OF  COPPER. 

The  Separation  is  effected  exactly  in  the  same  way  as  that  of  mercury 
from  the  same  metals.  The  method  is  more  especially  convenient  for  the 
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Separation  of  tlie  metals  in  alloys.  Care  must  be  taken  not  to  lieat  too 
strongly,  as  othervvise  chloride  of  lead  might  volatilise,  nor  to  discontinue 
tlie  application  of  heat  too  soon,  as  otherwise  bismutli  would  remain  in  the 
residue.  Water  containing  hydrochloric  acid  is  poured  into  the  flasks  f 
and  h,  and  the  bismutli  is  then  determined  according  to  the  direction  of 
§ 96. 

7.  Separation  of  silver  by  cupellation. 

Cupellation  was  formerly  the  universal  method  to  determine  silver 
in  alloys  with  copper,  lead,  &c.  The  alloy  is  fused  togetlier  with  a 
sufficient  quantity  of  pure  lead  to  give  to  one  part  of  silver  from  1 6 to 
20  parts  of  lead,  and  the  fused  mass  is  heated  in  a small  cupel  made  of 
compressed  bone-earth,  in  a muffle.  Lead  and  copper  are  oxidised,  and 
the  oxides  are  absorbed  by  the  cupel,  the  silver  being  left  behind  in  a 
state  of  purity.  This  method  is  only  rarely  employed  in  laboratories  ; 
I liave  given  it  a place  liere,  liowever,  because  it  appears  to  be  the 
safest  process  to  determine  very  small  quantities  of  silver  in  alloys. 
(Compare  Malaguti  and  Burocher,  Comptes  rendus,  29,  689.  Bingler, 
115,  276.) 

8.  Precipitation  of  one  metal  by  another  in  the  metallic  state. 

Oxide  of  lead  from  teroxide  of  bismutii. 

Precipitate  the  solution  with  carbonate  of  ammonia,  wash  the  precipitate 
and  dissolve  in  acetic  acid,  in  a stoppered  flask  ; place  a rod  of  pure  lead 
upriglit  in  the  solution  and  nearly  fill  up  with  water,  so  that  the  rod  is 
entirely  covered  by  the  fluid  ; insert  the  stopper,  and  let  the  flask  stand 
at  rest  for  about  twelve  hours,  with  occasional  shaking.  Wash  the  preci- 
pitated  bismuth  off  from  the  lead  rod,  collect  it  on  a filter,  wash,  and  dis- 
solve in  nitric  acid ; evaporate  the  solution,  and  determine  the  bismuth  as 
directed  § 96.  Determine  the  lead  in  the  filtrate  as  directed  § 92.  Dry 
the  lead  rod,  and  weigh  it  again ; subtract  the  loss  of  weiglit  wliich  it  has 
suffered  in  the  process,  from  the  amount  of  the  lead  produced  from  the 
filtrate  (Ullgren). 


SIXTH  GROUP. 

TEROXIDE  OF  GOLD BINOXIDE  OF  PLATINUM PROTOXIDE  OF  TIN 

BINOXIDE  OF  TIN — TEROXIDE  OF  ANTIMONY ARSENIOUS  ACID 

ARSENIC  ACID. 

I.  Separation  of  tue  oxides  of  the  sixth  group  from  the 

OXIDES  OF  THE  FIRST  FIVE  GROUPS. 


§ 132. 
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A.  1 ; B.  1,  a.;  2 ; — from  mercury,  copper,  and  cadmium:  B.  1,  a. ; 2 ; 
— from  bismuth:  B.  1,  a. ; 2;  13; — from  lead  : B.  1,  a. ; 13;  — 
from  silver  : B.  1,  a. ; 10. 

Platinum  from  the  oxides  of  groups  1— 3 : A.  1 ; B.  3 ; — of  group 
4 : A.  1 ; B.  1,  b. ; 3 ; — from  mercury,  copper,  cadmium,  and  bismuth  : 

B.  1,  b.  ; 3 ; — from  lead  : B.  1,  b. ; — from  silver  : B.  1,  b.  ; 10. 
Protoxide  and  binoxide  of  tin  from  the  oxides  of  groups  1 and  2 : 

A.  1 ; B.  4,  b. ; 5,  b. ; — of  group  3 : A.  1 ; B.  4,  b. ; — from  sesqui- 
oxide  of  iron  : A.  1 ; 2,  b.  ; B.  4,  a.  ; — from  protoxideof  manganese 
and  oxide  of  zinc  : A.  1 ; 2,  b.  ; B.  4,  a.  and  b.  ; — from  protoxide  of 
nickel  and  protoxide  of  cobalt : A.  1 ; 2,  b.  ; B.  4,  a.  and  b.  ; 5,  a.  ; 
— from  oxide  of  mercury,  oxide  of  cadmium,  and  teroxide  of  bis- 
muth : A.  2,  a.  and  b. ; B.  4,  a.  ; — from  oxide  of  copper : A.  2,  a. 
and  b. ; B.  4,  a.  and  b. ; 5,  a. ; — from  oxide  of  lead  and  oxide  of  silver  : 

A.  2,  a.  and  b. ; B.  4,  a.  ; 5,  a. 

Teroxide  of  antimony  from  the  oxides  of  groups  1 and  2 : A.  1 ; 5, 
b.  ; — of  group  3 : A.  1 ; — from  sesquioxide  of  iron,  protoxide  of 
manganese,  and  oxide  of  zinc  : A.  1 ; 2,  b. ; B.  4,  c. ; — from  protoxide 
of  nickel  and  protoxide  of  cobalt : A.  1 ; 2,  b.  ; B.  4,  c.  ; 5,  a.  ; — from 
oxide  of  mercury,  oxide  of  cadmium,  and  teroxide  of  bismuth : A. 
2,  a.  and  b. ; B.  4,  c. ; — from  oxides  of  copper,  lead,  and  silver : A. 
2,  a.  and  b.  ; B.  4,  c. ; 5,  a. 

Arsenious  and  arsenic'acids  from  the  oxides  of  group  1 : A.  1 ; 

B. 5,  b. ; 8 ; 12  ; — from  magnesia  : A.  1 ; B.  5,  b.  ; 7 ; 8 ; 12  ; — from 
baryta,  strontia  and  lime  : A.  1 ; B.  5,  b. ; 7 ; 8 ; 1 1 , 12  ; — from  the 
oxides  of  group  3 : A.  1 ; B.  9 ; — from  sesquioxide  of  iron  : A.  1 ; 2, 
b.;  B.  7 ; 9 ; — from  protoxide  of  manganese  : A.  1 ; 2,  b. ; B.  7;  9 ; 12; 
— from  oxide  of  zinc  : A.  I ; 2,  b. ; B.  7 ; 8 ; 9 ; 12  ; — from  protoxide 
of  nickel  and  protoxide  of  cobalt : A.  1 ; 2,  b.  ; B.  5,  a.  ; 7 ; 8 ; 9 ; 
12  ; — from  oxide  of  mercury  and  teroxide  of  bismuth  : A.  2,  a.  and 
b. ; 7 ; — from  oxide  of  copper  : A.  2,  a.  and  b. ; B.  5,  a. ; 7 ; 8 ; — from 
oxide  of  cadmium  : A.  2,  a.  and  b. ; B.  7 ; 8 ; — from  oxide  of  silver  : 

A.  2,  a.  and  b. ; B.  5,  a. ; 7 ; — from  oxide  of  lead  : A.  2,  a.  and  b. ; 

B.  5,  a.  ; 7 ; 8 ; 1 1 . 

A.  General  methods. 

1 . Method  based  irpon  the  precipitation  of  the  oxides  of  the  sixth  group 
from  acid  Solutions  by  sulphuretted  hydrogen. 

All  oxides  of  the  sixth  group  from  those  of  the  first 

FOUR  GROUPS. 

Conduct  into  the  acid*  solution  sulphuretted  hydrogen  in  excess,  and 
* Hydrochloric  acid  answers  best  as  acidifying  agent. 
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filter  from  the  precipitated  sulphides  (corresponding  to  the  oxides  of  the 
sixth  group). 

The  points  mentioned  § 130,  a.  ß.  and  S.  must  also  be  attended  to 
here.  With  respect  to  the  exceptional  conditions  requisite  to  secure  the 
complete  precipitation  of  certain  metals  of  the  sixth  group,  I refer  to 
Section  IV.  I have  to  remark  in  addition, 

a.  That  sulphuretted  hydrogen  fails  to  separate  arsenic  acid  from  oxide 
of  zinc,  as  even  in  presence  of  a large  excess  of  acid,  the  whole  or  at 
least  a portion  of  the  zinc  precipitates  with  the  arsenic  as  ZnS,  As 
S5  (Wähler).  To  secure  the  Separation  of  the  two  bodies  in  a solution, 
the  arsenic  acid  must  first  he  converted  into  arsenious  acid,  by  heating 
with  sulpliurous  acid,  before  the  sulphuretted  hydrogen  is  conducted  into 
the  fluid. 

ß.  That  in  presence  of  antimony,  tartaric  acid  is  judiciously  added, 
when  oxides  of  the  fourth  group  alone  are  present,  which  may  be  thrown 
down  from  the  filtrate,  after  addition  of  ammonia,  by  sulphide  of  ammo- 
nium ; but  that  it  had  better  be  omitted  in  the  analysis  of  Compounds 
containing  alumina,  alkaline  earths,  and  alkalies.  In  the  case  of  such 
compounds,  sulphuretted  hydrogen  is  conducted  into  the  clear  hydrochloric 
acid  solution,  water  is  then  added,  sulphuretted  hydrogen  again  conducted 
into  the  fluid,  a further  quantity  of  water  added,  and  the  precipitation 
completed  by  conducting  a sufficient  amount  of  sulphuretted  hydrogen 
into  the  fluid. 

2.  Methods  based  upon  the  solubility  of  the  sulphides  of  the  metals  of 
the  sixth  group  in  sulphides  of  the  alkali  metals. 

a.  The  qxides  of  group  vi.  (with  the  exception  of  gold  and  plati- 

num)  FROM  THOSE  OF  GROUP  V. 

Precipitate  the  acid  solution  with  sulphuretted  hydrogen,  paying  due 
attention  to  the  directions  given  in  Section  IV.  under  the  heads  of  the 
several  metals,  and  also  to  the  remarks  in  1.  The  precipitate  consists 
of  the  sulphides  of  the  metals  of  groups  V.  and  VI.  Wash,  treat  im- 
mediately  with  yellow  sulphide  of  ammonium,  and  digest  the  mixture  for 
some  time  at  a gentle  heat ; filter  olf  the  clear  fluid,  treat  the  residue  again 
with  sulphide  of  ammonium,  digest  a short  time,  filter,  and  wash  the  resi- 
duary  sulphides  of  group  V.  with  water  containing  sulphuretted  hydrogen. 
If  protosulphide  of  tin  is  present,  some  sulphur  in  powder  must  be  added 
to  the  sulphide  of  ammonium,  except  the  latter  be  very  yellow.  In  pre- 
sence of  copper,  the  sulphide  of  which  is  a little  soluble  in  sulphide  of  am- 
monium,  sulphide  of  sodium  had  better  be  used  as  precipitant,  instead  of 
sulphide  of  ammonium.  However,  this  Substitution  can  be  inade  only  in 
the  absence  of  mercury,  since  the  sulphides  of  that  metal  are  soluble  in 
sulphide  of  sodium. 
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To  the  alkaline  filtrate,  add,  gradually,  hydrochloric  acid  in  small  por- 
tions,  until  the  acid  predominates  ; allow  it  to  deposit,  and  then  filter  the 
tluid  from  the  sulphides  of  the  metals  of  the  sixth  group  wliich  liave 
been  thrown  down  with  some  sulphur. 

b.  The  oxides  of  group  vi.  (with  the  exception  of  gold  and  plati- 

num)  FROM  THOSE  OF  GROUPS  IV.  AND  V. 

a.  Neutralise  the  solution  with  ammonia,  and  add  yellow  sulpliide  of 
ammonium  in  excess  ; cover  the  vessel,  allow  the  mixture  to  digest  some 
time  at  a moderate  heat,  and  then  proceed  as  in  a.  On  the  filter,  you 
liave  the  sulphides  of  the  metals  of  groups  IV.  and  V.  Wash  them  with 
water  containing  sulphide  of  ammonium. 

In  presence  of  nickel  this  method  offers  peculiar  difficulties.  In  pre- 
sence  of  copper  (and  absence  of  mercury),  soda  and  sulphide  of  sodium 
are  substituted  for  ammonia  and  sulphide  of  ammonium).* 

ß.  In  the  analysis  of  solid  compounds  (oxides  or  salts),  it  is  in  most 
cases  preferable  to  fase  the  substance  with  three  parts  of  dry  carbonate  of 
soda,  and  three  parts  of  sulphur,  in  a covered  porcelain  crucible,  over 
a lamp.  When  the  contents  are  completely  fused,  and  the  excess  of 
sulphur  is  volatilised,  the  mass  is  allowed  to  cool,  and  then  treated  with 
water,  which  dissolves  the  sulpho-salts  of  the  metals  of  the  sixth  group, 
leaving  the  sulphides  of  groups  IV.  and  V.  behind.  By  this  means,  even 
ignited  binoxide  of  tin  mav  be  examined  for  iron,  &c.,  and  the  admixture 
of  oxides  of  groups  IV.  and  V.  removed  from  it  ( H . Rose).  The  solu- 
tion is  treated  as  in  a. 

B.  Special  methods. 

1 . Methods  based  upon  the  insolubility  of  some  metals  of  the  sixth 
group  in  acids. 

a.  Gold  from  metals  of  groups  iv.  and  v.  in  alloys. 

a.  Heat  the  alloy  with  dilute  pure  nitric  acid  or,  according  to  circum- 
stances,  with  hydrochloric  acid.  The  other  metals  dissolve,  leaving  the 
gold  behind.  The  alloy  must  be  reduced  to  filings,  or  rolled  out  in 
thin  sheets.  Alloys  of  gold,  containing  silver  or  lead,  or  both,  can  be 
analysed  by  this  method  only  if  the  quantity  of  the  two  latter  metals 
or  of  either,  amounts  to  more  than  80  per  cent,  other wise  the  silver 
and  lead  are  not  completely  dissolved.  Alloys  of  silver  and  gold,  con- 


* The  hitherto  universally  admitted  accuracy  of  this  method  has  lately  been  called  in  ques- 
tion  by  BIoxcltu,  (Ann.  d.  Chem.  und  Pharm.  83,  204).  That  chemist  found  that  sulphide  of 
ammonium  fails  to  separate  small  quantities  of  bisulphide  of  tin  from  large  quantities  of  sul- 
phide of  mercury  and  sulphide  of  cadmium  (1 : 100);  and  that  more  especially  the  Separation 
of  copper  from  tin  and  antimony  (also  from  arsenic)  by  this  method  is  a failure,  as  nearly  the 
whole  of  the  tin  remains  with  the  copper.  For  the  present,  I must  conhne  myself  to  calling 
attention  to  these  Statements. 
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taining  less  than  80  per  cent  of  silver,  are  therefore  fused  together  with 
tliree  parts  of  lead,  before  they  are  treated  with  nitric  acid.  The  resi- 
duary  gold  is  weighed ; but  its  purity  must  be  ascertained  by  dissolving 
it  in  nitrohydrochloric  acid. 

ß.  Ileat  the  finely  divided  (filed  or  rolled)  alloy  in  a capacious  pla- 
tinum  dish  with  pure  hydrate  of  suiphuric  acid,  until  the  evolution  of 
gas  lias  ceased,  and  the  suiphuric  acid  begins  to  volatilise ; or  fuse 
the  alloy  with  bisulphate  of  potassa  (II.  Rose).  Separate  the  gold  from 
the  sulphates  of  the  metals,  by  treating  the  mass  first  with  cold,  finally 
with  boiling  water.  It  is  advisable  to  repeat  the  Operation  with  the 
separated  gold,  and  ultimately  to  test  the  purity  of  the  latter. 

b.  PlATINUM  FROM  OTHER  METALS  OF  GROUPS  IV.  AND  V.,  IN 
ALLOYS. 

The  Separation  is  effected  by  treating  the  substance  with  suiphuric  acid, 
or,  better  still,  with  bisulphate  of  potassa  (a.  ß .)  ; but  not  with  nitric 
acid,  as  platinum  in  alloys  will,  under  certain  circumstances,  dissolve  in 
that  acid. 

2.  Method  based  upon  the  Separation  of  y old  in  the  metallic  state. 

Gold  from  all  oxides  of  groups  i. — v.,  with  the  exception  of 

OXIDE  OF  LEAD  AND  OXIDE  OF  SILVER. 

Precipitate  the  hydrochloric  acid  solution  with  oxalic  acid  as  directed 
§ 98,  b.  y.,  and  filter  off  the  gold  when  it  has  completely  separated. 
Take  care  to  add  a sufficient  quantity  of  hydrochloric  acid  to  prevent 
oxalates  insoluble  in  water  precipitating  in  conjunction  with  the  gold,  for 
want  of  a solvent. 

3.  Method  based  upon  the  precipitation  of  platinum  as  chloride  of 
potassium,  or  chloride  of  ammonium,  and  bichloride  of  platinum.  (Potas- 
sio  or  ammonio-bichloride  of  platinum.) 

Platinum  from  the  oxides  of  groups  iv.  and  v.,  with  the  ex- 
ception of  LEAD  AND  SILVER. 

Precipitate  the  platinum  with  chloride  of  potassium  or  chloride  of 
ammonium,  as  directed  § 99,  and  wash  the  precipitate  thoroughly  with 
spirits  of  wine. 

4.  Metliods  based  upon  the  Separation  of  oxides  insoluble  in  nitric  acid. 

a.  Tin  from  metals  of  groups  iv.  and  v.  in  alloys. 

Treat  the  finely  divided  alloy  with  nitric  acid  as  directed  § 101,  1, 
a.,  and  filter  the  solution  from  the  undissolved  binoxide  of  tin.  The 
filtrate  contains  the  other  metals  as  nitrates.  (In  presence  of  bismutli, 
wash  first  with  water  containing  nitric  acid.)  As  binoxide  of  tin  is  liable 
to  retain  traces  of  copper,  the  safest  way,  in  an  accurate  analysis,  is  to  test 
it  for  such  admixtures,  and  to  determine  the  quantity  of  them  as  directed 
§ 132,  A.  2.  b.  ß. 
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b.  Tin  from  the  oxides  of  groups  i.,  ii.,  m.,  and  also  from 

PROTOXIDE  OF  MANGANESE,  OXIDE  OF  ZINC,  PROTOXIDE  OF  NICKEL, 

protoxide  of  cobalt,  oxide  of  copper,  and  probably  also  from 
some  otlier  oxides  ( Löwenthal , Journal  f.  prakt.  Cliem.  GO,  257). 

Precipitate  the  hydrocliloric  acid  solution,  which  must  contain  the  tin 
entirely  as  binoxide  (bichloride),  as  directed  § 101,  1,  b.  ; and  separate  the 
precipitated  binoxide  of  tin  from  the  fluid,  which  contains  the  other  oxides. 
In  the  process  attend  to  the  following  points : 

a.  Sulphate  of  soda  is  mostly  to  be  preferred  as  precipitating  agent, 
where  the  choice  is  permitted. 

ß.  When  the  precipitate  of  binoxide  of  tin  has  subsided,  decant  the 
supernatant  fluid,  pass  through  a Alter,  repeat  this  decantation  several 
tiines,  and  then  treat  the  precipitate  with  a mixture  of  one  part  of  nitric 
acid  of  1*2  sp.  gr.,  and  nine  parts  of  boiling  water,  before  you  transfer  it 
to  the  Alter  for  the  purpose  of  completing  the  washing.  The  results  are 
very  satisfactory. 

If  the  binoxide  of  tin  is  mixed  with  other  oxides  admitting  of  reduction 
by  ignition  in  a stream  of  hydrogen,  the  oxides  may  also  be  reduced  in 
this  manner,  and  the  metals  then  treated  as  in  a. 

C.  AnTIMONY  FROM  THE  METALS  OF  GROUPS  IV.  AND  V.  IN 
ALLOYS. 

Proceed  as  in  a.,  Alter  from  the  precipitate,  and  convert  it  into  antimo- 
nious  acid  by  ignition  (§  100,  2).  The  results  are  only  approximate,  as 
some  teroxide  of  antimony  dissolves. 

5.  Methods  based  upon  the  volatility  of  many  chlorides  or  metals. 

a.  Tin,  antimony,  arsenic  from  copper,  silver,  lead,  cobalt, 

NICKEL. 

Treat  the  sulphides  of  the  metals  in  a stream  of  chlorine,  proceeding 
exactly  as  directed  § 131,  6,  «.  In  presence  of  antimony  All  the  flasks 
/ and  h with  a solution  of  tartaric  acid  in  water,  mixed  with  hvdro- 
chloric  acid.  In  alloys  also  the  metals  may  be  separated  by  this  method. 
The  alloy  must  be  very  Anely  divided.  Arsenical  alloys  are  only  very 
slowly  decomposed  in  this  way. 

b.  Binoxide  of  tin,  teroxide  of  antimony  (and  also  anti- 
monic,  arsenious,  and  arsenic  acids),  from  alkalies  and 

ALKALINE  EARTHS. 

Mix  the  solid  compound  with  Ave  parts  of  pure  chloride  of  ammonium 
in  powder,  in  a porcelain  crucible,  cover  this  with  a concave  platinum  lid, 
on  which  some  chloride  of  ammonium  is  sprinkled,  and  ignite  gently  until 
all  chloride  of  ammonium  is  expelled  ; add  a fresh  portion  of  that  salt  to 
the  contents  of  the  crucible,  and  repeat  the  Operation  until  the  weight  of 
the  latter  remains  constant.  In  this  process  the  chlorides  of  the  tin, 
antimony,  and  arsenic,  escape,  leaving  the  chlorides  of  the  alkalies  and 
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alkaline  earths  behind.  The  decomposition  by  this  method  proceeds  most 
rapidly  witli  arsenical  compounds,  less  quickly  with  antimonial  compounds, 
and  least  so  witli  compounds  of  tin  (H.  Rose). 

c.  Mercury  from  gold  (in  alloys,  and  also  in  other  forms  of  com- 
bination). 

The  two  metals  are  separated  by  ignition,  and  the  mercury  is  either 
calculated  from  the  loss  or  collected  and  weighed  (§  94). 

6.  Method  based  upon  the  volatility  of  tersulphide  of  arsenic. 

The  acids  of  arsenic  from  sesquioxide  of  iron  (probably 
also  from  protoxide  of  nickel,  oxide  of  zinc,  oxide  of  copper,  oxide  of  lead, 
&c.),  according  to  Ebelmen. 

Heat  the  oxides  in  sulphuretted  hydrogen,  by  which  process  tliey  are 
completely  converted  into  sulphides.  The  tersulphide  of  arsenic  volati- 
lises,  leaving  the  sulphides  of  the  other  metals  behind. 

7.  Method  based  upon  the  conversion  of  arsenic  into  alkaline  arseniate. 

Arsenic  from  the  metals  and  oxides  of  groups  ii.,  iv., 

AND  V. 

If  the  substance  contains  the  arsenic  in  the  form  of  arsenites,  or  arse- 
niates,  it  is  fused  with  tliree  parts  of  carbonate  of  soda  and  potassa  and 
one  part  of  nitrate  of  potassa  ; if  it  is  an  alloy,  it  is  fused  with  three  parts 
of  carbonate  of  soda  and  one  part  of  nitrate  of  potassa.  In  either  case 
the  residue  is  boiled  with  water,  and  the  solution,  which  contains  the 
arseniates  of  the  alkalies,  filtered  from  the  undissolved  oxides  or  car- 
bonates.  The  arsenic  acid  is  determined  in  the  filtrate  as  directed  § 102, 
2.  If  the  quantity  of  arsenic  is  small  the  fusion  may  be  made  in  a pla- 
tinum  crucible ; but  if  it  is  more  considerable  the  process  must  be  con- 
ducted  in  a porcelain  crucible,  as  platinum  would  be  injuriously  affected 
by  it.  In  the  latter  case  bear  in  mind  that  the  fused  mass  is  contami- 
nated  with  silicic  acid  and  alumina. 

8.  Method  based  upon  the  Separation  of  arsenic  as  arseniate  of  sub- 
oxide  of  mercury. 

Arsenic  acid  from  the  alkalies,  alkaline  earths,  oxide 

OF  ZINC,  PROTOXIDE  OF  COBALT,  PROTOXIDE  OF  NICKEL,  OXIDE  OF 
LEAD,  OXIDE  OF  COPPER,  OXIDE  OF  CADMIUM. 

Proceed  exactly  as  in  the  Separation  of  phosphoric  acid  by  mercury 
(§  106,  I.  b.  y.).  The  arsenic  acid  cannot  be  determined  in  the  insoluble 
residue  in  the  way  in  which  the  phosphoric  acid  is  determined.  Treat 
the  filtrate  as  directed  § 106,  II.  k.  ( H . Rose). 

9.  Method  based  upon  the  Separation  of  arsenic  as  arseniate  of  mag- 
nesia  and  ammonia. 

Arsenic  acid  from  alumina  and  the  oxides  of  group  iy. 

Procced  as  directed  § 106,  II./.  a.  Treat  the  precipitate  of  arseniate 
pf  magnesia  and  ammonia  as  directed  § 102,  2. 
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10.  Method  based  upon  the  insolubility  of  chloride  of  silver. 

SlLVER  FROM  GOLD. 

Treat  the  alloy  with  nitrohydrochloric  acid,  dilute,  and  filter  the  Solu- 
tion of  the  terchloride  of  gold  from  the  precipitated  chloride  of  silver. 
This  method  is  applicable  only  if  the  alloy  contains  less  than  15  per  cent 
of  silver ; for  if  it  contains  a larger  quantity  the  chloride  of  silver  which 
forms  protects  the  undecomposed  portion  from  the  action  of  the  acid. 
In  the  same  way  silver  may  be  separated  also  from  platinum. 

11.  Method  based  upon  the  insolubility  of  certain  sulphates  in  water 
or  spirits  of  wine, 

ArSENIC  ACID  FROM  BARYTA,  STRONTIA,  LIME,  AND  OXIDE  OF 
LEAD. 

Proceed  as  in  the  Separation  of  phosphoric  acid  from  the  same  oxides 
(§  106,  II.  c.).  The  compounds  of  these  bases  with  arsenious  acid  are 
first  converted  into  arseniates,  before  the  sulphuric  acid  is  added  ; this 
conversion  is  effected  by  heating  the  hydrochloric  acid  solution  with  chlo- 
rate  of  potassa,  or  by  repeated  evaporation  with  nitric  acid. 

12.  Method  based  upon  the  insolubility  of  arseniate  of  sesquioxide  of 
iron. 

ArSENIC  ACID  FROM  THE  BASES  OF  GROUPS  I.  AND  II.,  AND  FROM 
OXIDE  OF  ZINC,  AND  THE  PROTOXIDES  OF  MANGANESE,  NICKEL,  AND 
COBALT. 

Precipitate  the  arsenic  acid,  according  to  circumstances,  as  directed  § 1 02, 
3,  a.  or  b.,  filter,  and  determine  the  bases  in  the  filtrate. 

13.  Method  based  upon  the  different  deportment  of  the  several  metals 
with  cyanide  of  potassium. 

Gold  from  lead  and  bismuth. 

These  metals  may  be  separated  in  solution  by  cyanide  of  potassium,  in 
the  same  way  in  which  the  Separation  of  mercury  from  lead  and  bismuth 
is  effected  (§  131,  3,  a.).  The  solution  of  the  double  cyanide  of  gold  and 
potassium  is  decomposed  by  boiling  with  hydrochloric  acid,  and,  when  the 
expulsion  of  the  hydrocyanic  acid  is  effected,  the  gold  is  determined  by  oue 
of  the  methods  given  in  § 98. 


II.  Separation  of  the  oxides  of  the  sixth  Group  from  each 

OTHER. 

§ 133. 

Index  : Platinum  from  gold  : 1 ; — from  antimony,  tin,  and  arsenic  : 2. 
Gold  from  platinum  : 1 ; — from  antimony,  tin,  and  arsenic  : 2. 
Antimony  from  gold  and  platinum  : 2 ; — from  tin  : 4,  a. ; 6,  a. ; 
— from  arsenic : 3,  b. ; 4,  a.  and  b. ; 5,  a. 
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Tin  from  gol(l  and  platinurn  : 2 ; — from  antimony  : 4,  a. ; 6,  a. ; — 
from  arsenic  : 3,  a. ; 6,  a.  ; — protoxide  of  tin  from  binoxide 
of  tin  : 7,  a. ; 8,  a. 

Arsenic  from  gold  and  platinurn  : 2 ; — from  antimony : 3,  b.  ; 4,  a. 
and  b. ; 5,  a. ; — from  tin  : 3,  a. ; 6,  a. ; — arsenious  acid  from 
arsenic  acid  : 5,  b.  ; 7,  b.;  8,  b. 

1.  Method  based  upon  the  precipitation  of  platinurn  by  chloride  of 
potassium. 

PlATINUM  FROM  GOLD. 

Precipitate  from  the  solution  of  the  Chlorides  of  the  metals  the  platinurn 
as  directed  § 99,  b.,  and  determine  the  gold  in  the  filtrate  as  directed  § 98,  b. 

2.  Method  based  upon  the  volatility  of  the  Chlorides  of  the  inferior 
metals. 

PLATINUM  AND  GOLD  FROM  TIN,  ANTIMONY,  AND  ARSENIC. 

Heat  the  finely  divided  alloy  or  the  sulphide  in  a stream  of  chlorine 
gas.  Gold  and  platinurn  are  left  behind  (compare  § 132,  B.  5,  a.).  The 
Chlorides  of  the  other  metals  volatilise. 

3.  Methods  based  upon  the  volatility  of  arsenic  and  tersulphide  of 
arsenic. 

a.  Arsenic  from  tin  ( II . Rose). 

Convert  into  sulphides  or  into  oxides,  dry  at  212°,  and  heat  a weighed 
portion  of  the  dry  mass  in  a bulb-tube,  gently  at  first,  but  gradually  more 
strongly,  conducting  a stream  of  dry  sulphuretted  hydrogen  gas  through 
the  tube  during  the  Operation.  Sulphur  and  tersulphide  of  arsenic  vola- 
tilise, sulphide  of  tin  is  left  behind.  The  tersulphide  of  arsenic  is  received 
in  a small  flask  connected  with  the  bulb-tube,  in  the  manner  described  § 131, 
6,  a.,  and  which  contains  dilute  solution  of  ammonia.  When  upon  con- 
tinued  application  of  heat  vou  observe  no  further  sign  of  Sublimation  in 
the  colder  part  of  the  tube,  drive  off  the  Sublimate  which  has  gathered 
inside  the  bulb  on  the  glass,  allow  the  tube  to  cool,  and  then  cut  it  off 
above  the  coating.  Divide  the  separated  part  in  pieces,  and  heat  these 
with  some  solution  of  soda  until  the  Sublimate  is  dissolved ; unite  the  solu- 
tion with  the  ammoniacal  fluid  in  the  receiver,  add  hydrochloric  acid,  then, 
without  filtering,  chlorate  of  potassa,  and  heat  gently  until  the  tersulphide 
of  arsenic  is  completely  dissolved.  Filter  from  the  sulphur,  and  deter- 
mine the  arsenic  acid  as  directed  § 102,  2.  The  quantity  of  tin  cannot 
be  calculated  at  once  from  the  blackish-brown  sulphide  of  tin  in  the  bulb, 
since  tliis  contains  more  sulphur  than  corresponds  to  the  formula  Sn  S. 
It  is  therefore  weighed,  and  the  tin  determined  in  a weighed  portion  of  it, 
by  converting  it  into  binoxide,  which  is  effected  by  moistening  with  nitric 
acid,  and  ignition  (§  101,  1,  c.). 

Tin  and  arsenic  in  alloys  are  more  conveniently  converted  into  oxides  by 
cautious  treatment  with  nitric  acid.  If,  however,  it  is  wished  to  convert 
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them  into  sulphides,  this  may  readily  be  done  by  heating  one  part  of  the 
finely  divided  alloy  with  five  parts  of  carbonate  of  soda  and  five  parts  of 
sulphur,  in  a covered  porcelaiu  crucible,  until  the  mass  is  in  calm  fusion. 
It  is  tben  allowed  to  cool,  dissolved  in  water,  the  solution  filtered  from  the 
sulphide  of  iron,  &c.,  which  may  possibly  have  formed,  and  the  filtrate 
precipitated  with  hydrochloric  acid. 

b.  ArSENIC  FROM  ANTIMONY  IN  ALLOYS. 

Ileat  a weighed  portion  of  the  finely  divided  alloy  with  two  parts  of 
carbonate  of  soda  and  two  parts  of  cyanide  of  potassium  in  a bulb-tube, 
conducting  through  the  tube  dry  carbonic  acid  ; apply  a gentle  heat  at 
first,  but  increase  it  gradually  to  a high  degree  of  intensity,  and  continue 
heating  until  no  more  arsenic  volatilises.  Take  care  not  to  inliale  the 
escaping  fumes  ; the  safest  way  is  to  put  the  hind  part  of  the  bulb-tube 
into  a flask,  in  which  the  arsenic  will  sublime.  Allow  the  tube  to  cool, 
treat  the  contents  of  the  bulb  first  with  a mixture  of  equal  parts  of 
spirits  of  wine  and  water,  then  with  water,  and  weigh  the  residuary 
antimony.  The  quantity  of  the  arsenic  is  calculated  from  the  loss.  This 
method  gives  oidy  approximate  results.  The  direct  fusion  of  the  alloy 
in  a stream  of  carbonic  acid,  or  hydrogen  gas  would  give  most  inaccurate 
results,  as  a large  quantity  of  antimony  would  volatilise  under  such  cir- 
cumstances. 

4.  Methods  based  upon  the  insolubility  of  antimoniate  of  soda. 

ff.  Antimony  from  tin  and  arsenic  in  alloys  (II.  Rose). 

Oxidise  a weighed  sample  of  the  finely  divided  alloy  in  a porcelaiu 
crucible,  with  nitric  acid  of  T4  specific  gravity,  adding  the  acid  gradually. 
Dry  the  mass  on  the  water-bath,  transfer  it  to  a silver  crucible,  rinsing  the 
last  particles  adhering  to  the  porcelain  into  the  silver  crucible,  with  solu- 
tion of  soda,  dry  again,  add  eight  times  the  bulk  of  the  mass  of  solid 
hydrate  of  soda,  and  fuse  for  some  time.  Allow  the  mass  to  cool,  and 
then  treat  with  hot  water,  until  the  undissolved  residue  presents  the 
appearance  of  a fine  powder ; dilute  with  some  water,  and  add  alcoliol  of 
0‘83  sp.  gr.  in  sufficient  quantity  to  make  the  proportion  of  its  volume  to 
that  of  the  water  as  1 to  3.  Allow  the  mixture  to  stand  at  rest  for  twenty- 
four  hours,  stirring  it  frequently,  filter,  transfer  the  last  adhering  particles 
from  the  crucible  to  the  filter  by  rinsing  with  dilute  spirits  of  wine  (one 
volume  of  alcohol  to  three  volumes  of  water),  and  wash  the  undissolved 
residue  on  the  filter,  first  with  spirits  of  wine  containing  one  volume  of 
alcohol  to  two  volumes  of  water,  then  with  a mixture  of  equal  volumes  of 
alcohol  and  water,  and  finally  with  a mixture  of  three  volumes  of  alcohol 
and  one  of  water.  Add  to  each  of  the  alcoholic  fluids  used  for  washing  a 
few  drops  of  solution  of  carbonate  of  soda.  Continue  the  washing  until 
the  color  of  a portion  of  the  fluid  runuing  off  remains  unaltered  upon  being 
acidified  with  hydrochloric  acid  and  mixed  with  sulphuretted  hydrogen 
water. 
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Rinse  the  antimoniate  of  soda  from  the  filter,  wash  the  latter  with  a 
mixture  of  hydrochloric  acid  and  tartaric  acid,  dissolve  the  antimoniate  in 
this  mixture,  precipitate  with  sulphuretted  hydrogen,  and  determine  the 
antimony  as  directed  § 100,  1,  b. 

To  the  filtrate  which  contains  the  tin  and  arsenic,  add  hydrochloric  acid, 
which  produces  a precipitate  of  arseniate  of  hinoxide  of  tin ; conduct  now 
into  the  unfiltered  fluid  sulphuretted  hydrogen  for  some  time,  allow  the 
mixture  to  stand  at  rest  until  the  odor  of  that  gas  is  almost  completely 
gone  off,  and  then  separate  the  weighed  sulphides  of  the  metals  as  in  3,  a. 

If  the  substance  contains  antimony  and  arsenic  only,  the  alcoholic  fil- 
trate is  heated,  with  repeated  addition  of  water,  until  the  fluid  scarcely 
retains  the  odor  of  alcohol ; hydrochloric  acid  is  then  added,  and  the 
arsenic  acid  determined  as  arseniate  of  magnesia  and  ammonia  (§  102,  2). 

b.  Determination  of  the  sulphide  of  arsenic  contained 

IN  THE  COMMERCIAL  SULPHIDE  OF  ANTIMONY  (Wackenroder) . 

Deflagrate  twenty  grammes  of  the  finely  pulverised  sulphide  of  antimony 
with  forty  grammes  of  nitrate  of  potassa  and  twenty  grammes  of  carbonate 
of  soda,  by  projecting  the  mixture  gradually  into  a red  hot  hessian  cru- 
cible  ; treat  the  strongly  ignited  mass  repeatedly  with  water,  filter  the 
solution,  acidify  the  filtrate  with  hydrochloric  acid,  treat  it  with  sulphur- 
ous  acid,  and  precipitate  the  arsenic  with  sulphuretted  hydrogen.  Digest 
the  moist  precipitate,  which  contains  a small  admixture  of  antimony, 
with  carbonate  of  ammonia,  filter,  acidulate  the  filtrate,  conduct  sulphu- 
retted hydrogen  into  the  fluid,  and  determine  the  arsenic  as  tersulphide, 
as  directed  § 102,  4. 

5.  Methods  based  upon  the  precipitation  of  arsenic  as  arseniate  of 
magnesia  and  ammonia. 

a.  Arsenic  from  antimony. 

Oxidise  the  metals  or  sulphides  with  nitroliydrochloric  acid  or  hydro- 
chloric acid  and  chlorate  of  potassa,  add  tartaric  acid,  a large  quantity  of 
chloride  of  ammonium,  and  then  ammonia  in  excess.  Should  the  addition 
of  the  latter  reagent  produce  a precipitate,  this  is  a proof  that  an  insuffi- 
cient  quantity  of  chloride  of  ammonium  or  of  tartaric  acid  has  been  used, 
which  error  must  be  rectified  before  you  proceed  with  the  analysis. 
Then  precipitate  the  arsenic  acid  as  directed  § 102,  2,  and  determine 
the  antimony  in  the  filtrate  as  directed  § 100,  1,  b. 

b.  Arsenious  acid  from  arsenic  acid. 

Mix  the  solution  with  a large  quantity  of  chloride  of  ammonium,  preci- 
pitate the  arsenic  acid  as  directed  § 102,  2,  and  determine  the  arsenious 
acid  in  the  filtrate  by  precipitation  with  sulphuretted  hydrogen  (§  102,  4). 

6.  Methods  based  upon  the  precipitation  of  the  metals  in  the  metallic 
state. 

a.  Tin  from  antimony  ( Gay-Lussac ). 
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Ileat  a weighed  portion  of  the  finely  divided  alloy  (or  other  form  of 
combination)  with  hydrocbloric  acid,  add  chlorate  of  potassa  in  small 
portions  until  the  mass  is  dissolved,  and  divide  the  fluid  into  two  equal 
portions,  a.  and  b.  In  a.  precipitate  both  metals  on  a tin  rod,  rinse  them 
off,  and  weigh ; add  to  b.  a tolerably  large  amount  of  hydrochloric  acid, 
put  in  a clean  slip  of  tin,  and  heat  for  some  time.  By  this  process  the 
antimony  is  completely  tlirown  down  in  form  of  a black  powder,  and 
the  bichloride  of  tin  reduced  to  protochloride.  Wash  the  antimony  from 
the  slip  of  tin  with  water  containing  hydrochloric  acid,  collect  it  upon  a 
weighed  Alter,  dry,  and  weigh.  The  difference  gives  the  quantity  of  the 
tin. 

b.  Determination  of  arsenic  in  metallic  tin  ( Gay-Lus - 
sac).* 

Dissolve  with  gentle  heat  the  laminated  or  granulated  f metal  in  a mix- 
ture  of  one  equivalent  of  nitric  acid  and  nine  equivalents  of  hydrochloric 
acid.  The  solution  ensues  without  evolution  of  gas  ; protochloride  of  tin 
and  chloride  of  ammonium  are  formed,  the  arsenic  remains  behind  as  a 
powder.  N05  + 9 HCl-t-8  Sn=8  SnCl  + NII^,  Cl-f  5 HO.  The  nitro- 
hydrochloric  acid  must  therefore  not  be  used  in  a much  larger  proportion 
than  will  give  to  eight  equivalents  of  metal  one  equivalent  of  N05,  and 
nine  equivalents  of  IIC1. 

7.  Methods  of  analysis  by  measure. 

a.  Protoxide  of  tin  in  presence  of  binoxide. 

Dissolve  in  hydrochloric  acid,  carefully  excluding  the  air  during  the 
Operation,  dilute  the  fluid  with  boiled  water  to  a certain  definite  volume, 
measure  off  a portion  of  it,  and  determine  in  this  the  quantity  of  the  pro- 
toxide of  tin  as  directed  § 101,  2.  In  another  portion  either  determine 
the  total  quantity  of  the  tin  by  analysis  by  measure,  reducing  the  bichlo- 
ride first  to  protochloride  (§  101,  2,  6.),  or  oxidise  the  whole  of  the  tin  in 
it  by  heating  with  chlorate  of  potassa,  and  determine  the  tin  according  to 
§ 101,  1,  b. 

b.  Arsenious  acid  from  arsenic  acid. 

If  the  substance  to  be  analysed  is  solid  determine  in  one  portion  the 
arsenious  acid,  by  analysis  by  measure,  according  to  the  directions  of  § 102, 
5 ; in  another  portion  the  total  quantity  of  the  arsenic,  by  one  of  the 
methods  given  in  § 102. 

If  the  acids  are  in  solution  the  arsenious  acid  may  be  determined  also 
by  mixing  a weighed  portion  of  the  fluid  with  hydrochloric  acid  and 
some  solution  of  indigo,  and  adding  solution  of  chloride  of  lime  of  known 

* Ann.  de  Chim.  et  de  Phys.  23,  128.  Liebig  and  Kopfs  Annual  Report,  1847  and 
1848,  2,  231. 

+ Prepared  by  pouring  the  fused  metal  into  water. 
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strength,  until  the  blue  color  of  the  indigo  lias  disappeared.  For  the 
details  of  the  process  see  the  article  on  chlorimetry  (§  189,  etc.). 

8.  Indirect  methods. 

a.  Protoxide  oe  tin  in  presence  of  binoxide. 

Determine  in  a portion  of  the  substance  the  total  quantity  of  the  tin  ; 
dissolve  anotlier  portion  in  hydrocliloric  acid,  taking  care  to  exclude  the 
air,  and  drop  the  solution  into  a large  excess  of  solution  of  chloride  of 
mercury,  with  stirring.  Treat  the  precipitate  of  subchloride  of  mercury 
formed,  as  directed  § 94,  2.  One  equivalent  of  it  (Hg2Cl)  corresponds  to 
one  equivalent  of  protochloride  of  tin  (SuCl).  ( H . Rose.) 

b.  Arsenious  acid  in  presence  of  arsenic  acid. 

Determine  in  a portion  of  the  substance  the  total  quantity  of  the  arsenic  ; 

dissolve  another  portion  in  hydrocliloric  acid  (of  course  no  oxidising 
agents,  such  as  nitrates,  &c.,  must  be  present),  and  add  an  excess  of 
solution  of  sodio-  or  ammonio-chloride  of  gold  (terchloride  of  gold  and 
chloride  of  sodium  or  ammonium).  Let  the  mixture  stand  several  days 
in  the  cold,  or,  in  the  case  of  dilute  Solutions,  at  a gentle  heat,  filter 
the  fluid  from  the  separated  gold,  and  determine  the  latter  as  directed 
§ 98,  b.  Keep  the  filtrate  to  make  sure  whether  an  additional  quantity 
of  gold  may  not  separate,  which  is  sometimes  the  case.  Two  equiva- 
lents  of  gold  correspond  to  three  equivalents  of  arsenious  acid  (2  Au 
Cl3  + 3 AsC13=3  AsC15  +2  Au).  ( H . Rose.) 


II.  THE  SEPARATION  OF  THE  ACIDS  FROM  ONE  ANOTHER. 

I have  again  to  remark  that  the  methods  of  Separation  given  in  the 
following  paragraphs,  proceed  generally  upon  the  assumption  that  the 
acids  exist  either  in  the  free  state,  or  in  combination  with  alkaline 
bases.  Compare  wliat  is  said  on  the  subject,  page  2/9. 

FIRST  GROUP. 


ARSENIOUS  ACID ARSENIC  ACID CHROMIC  ACID — SULPHURIC  ACID 

PHOSPHORIC  ACID BORACIC  ACID — OXALIC  ACID HYDROFLUO- 

RIC  ACID — SILICIC  ACID — CARBONIC  ACID. 

§ 134. 

1.  Arsenious  acid  and  arsenic  acid  from  all  other  acids. 
Precipitate  the  arsenic  from  the  solution  by  means  of  sulphuretted  liy- 
drogen  (§  102,  4),  filter,  and  determine  the  other  acids  in  the  filtrate.  If 
chromic  acid  is  present  this  is  reduced,  before  the  addition  of  the  sulphu- 
retted liydrogen,  by  one  of  the  methods  given  in  § 104  ; as  sulphur  would 
fall  down  with  the  tersulphide  of  arsenic  if  this  precaution  were  neglected. 
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Arsenic  acid  must,  wherever  it  is  practicable,  be  reduced  by  sulphurous 
acid,  before  the  addition  of  the  sulphuretted  hydrogen. 

2.  SuLPHtJ RIC  ACID  l'ROM  THE  OTHER  ACIDS. 

a.  Front  the  acids  of  arsenic,  from  phosphoric,  boracic , hydrofluoric, 
oxalic,  silicic,  and  carbonic  acids. 

Make  the  dilute  solution  strongly  acid  with  hydrocbloric  acid,  mix  with 
chloride  of  barium,  and  filter  the  sulphate  of  baryta  from  the  solution, 
which  contains  all  the  other  acids.  Determine  the  sulphate  of  baryta  as 
directed  § 105. 

b.  From  hydrofluoric  acid  in  insoluble  compounds. 

A mixture  of  sulphate  of  baryta  and  fluoride  of  calcium  cannot  be  de- 
composed  by  simple  treatment  with  hydrochloric  acid  ; the  insoluble  resi- 
due  always  containing  besides  sulphate  of  baryta,  sulphate  of  lime  and 
fluoride  of  barium.  The  end  in  view  may  be  attained  by  the  follow- 
ing  process  : fuse  the  substance  with  six  parts  of  carbonate  of  soda 
and  potassa,  and  two  parts  of  silicic  acid ; allow  the  mass  to  cool,  treat 
it  with  water,  and  the  solution  obtained  with  carbonate  of  ammonia  ; filter, 
wash  the  separated  silicic  acid  with  dilute  solution  of  carbonate  of  ammo- 
nia, supersaturate  the  filtrate  with  hydrochloric  acid,  and  precipitate  with 
chloride  of  barium. 

If  you  wish  to  determine  the  fluorine  also,  acidify  with  nitric  acid,  pre- 
cipitate with  nitrate  of  baryta,  then  saturate  with  carbonate  of  soda,  and 
precipitate  the  fluoride  of  barium  by  spirits  of  wine.  Wash  a long  time, 
first  with  spirits  of  wine  of  50  per  cent,  then  with  strong  alcohol ; dry, 
ignite,  and  weigh  (II.  Rose). 

c.  If  much  chromic  acid  is  present,  the  latter  is  reduced  most  conve- 
niently  by  boiling  the  dry  compound  with  concentrated  hydrochloric  acid 
(if  this  process  is  conducted  according  to  the  directions  of  § 104,  I.  d.  ß., 
the  quantity  of  the  chromic  acid  present  is  also  ascertained) ; the  solu- 
tion is  considerably  diluted,  and  the  sesquioxide  of  chromium  precipi- 
tated  by  ammonia  (§  84)  ; the  fluid  is  filtered  from  the  precipitate,  hydro- 
chloric acid  added  to  the  filtrate,  and  the  sulphuric  acid  thrown  dowm  by 
chloride  of  barium. 

3.  Chromic  acid  from  phosphoric  acid. 

Precipitate  the  phosphoric  acid  as  phosphate  of  magnesia  and  ammonia 
(§  106,  I.  b.).  Determine  the  chromic  acid  in  the  filtrate  by  means  of 
nitrate  of  suboxide  of  mercury  ; or,  in  another  portion  of  the  substance,  by 
the  volumetrical  method,  § 104. 

4.  Phosphoric  acid  from  boracic  acid. 

Determine  the  phosphoric  acid  in  the  solution  by  means  of  sulphate  of 
magnesia  (§  106,  I.  b.),  the  boracic  acid  in  the  filtrate  by  one  of  the 
methods  given  in  § 107. 

5.  Phosphoric  acid  from  oxalic  acid. 
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a.  lf  the  two  acids  are  to  be  determined  in  one  and  the  same  sample  of 
the  substance,  the  aqueous  solution  is  mixed  with  sodio-chloride  of  gold 
in  excess,  beat  applied,  and  the  quantity  of  oxalic  acid  present  calculated 
from  that  of  the  reduced  gold  (§  108,  b.  a.).  The  gold  added  in  excess  is 
separated  from  the  filtrate  by  means  of  oxalic  acid,  and  the  phosphoric 
acid  then  precipitated  by  sulphate  of  magnesia.  If  the  compound  does 
not  dissolve  in  water,  hydrochloric  acid  is  used  as  solvent,  and  the  process 
conducted  as  directed  § 108,  b.  ß.  The  gold  is,  in  that  case,  precipitated 
from  the  filtrate  by  sulphuretted  hvdrogen,  without  applying  heat. 

b.  If  there  is  a sufficient  quantity  of  disposable  substance  to  allow  it,  the 
oxalic  acid  is  determined  in  one  portion  according  to  the  directions  of 
§ 108,  c.,  and  the  phosphoric  acid  in  another  portion.  In  cases  where  the 
substance  is  soluble  in  water,  the  phosphoric  acid  may — if  the  proportion 
of  oxalic  acid  is  not  too  considerable — be  precipitated  at  once  with 
sulphate  of  magnesia,  in  presence  of  chloride  of  ammonium  and  ammonia ; 
in  the  contrary  case,  the  substance  is  ignited  with  carbonate  of  soda  and 
potassa,  which  destroys  the  oxalic  acid,  and  the  phosphoric  acid  dete- 
mined  in  the  residue. 

6.  MeTALLIC  FLUORIDES  FROM  PHOSPHATES. 
a.  The  substance  is  soluble  in  water. 

a.  If  the  substance  contains  a relatively  large  quantity  of  fluoriue, 
which  will  permit  its  estimation  from  the  difference,  the  solution  is 
precipitated  by  chloride  of  calcium ; and  the  precipitate  washed,  dried, 
ignited,  and  weighed.  It  consists  of  phosphate  of  lime  and  fluoride  of 
calcium.  It  is  heated  in  a platinum  vessel,  until  all  the  fluorine  lias 
escaped  as  hydrofluoric  acid,  care  being  taken  not  to  raise  the  heat  to  a 
degree  at  which  sulphuric  acid  volatilises ; the  lime  and  the  phosphoric 
acid  are  then  determined  according  to  the  directions  of  § 106,  II.  c.  If 
the  phosphoric  acid  and  lime  are  deducted  from  the  total  weight  of  the 
precipitate,  the  fluorine  is  found  by  the  following  calculation : — 

The  eq.  of  the  fluorine  less  the  eq.  of  the  oxygen  .’  the  eq.  of  the  fluorine 


the  ascertained  loss  of  weight  I the  fluorine  sought. 
ß.  If  the  substance  contains  relatively  little  fluorine,  the  solution  is 
mixed  with  basic  nitrate  of  suboxide  of  mercurv.  A yellow  precipitate  of 
basic  phosphate  of  suboxide  of  mercurv  is  produced,  the  fluoride  of  mer- 
cury  remaining  in  solution.  The  phosphoric  acid  in  the  precipitate  is 
determined  as  directed  § 106,  I.  b.  y.  The  filtrate  is  neutralised  with 
carbonate  of  soda,  sulphuretted  hydrogen  conducted  iuto  the  unfiltered 
fluid,  which  is  then  filtered,  and  the  fluorine  determined  as  directed  § 109, 
I.  (II.  Ilose). 

b.  If  the  substance  is  not  soluble  in  water , but  yet  decomposable  by 
acids,  the  method  a.  a.  may  equally  be  applied.  The  substance  is  first. 
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§ 134.] 


dissolved  in  hydrochloric  acid,  and  the  solution  then  evaporated  with  sul- 
phuric  acid. 

b.  If  the  substance  is  not  decomposed  by  acids,  it  is  fused  with  car- 
bonate  of  soda  and  silicic  acid  (see  § 134,  8). 

7.  Metallic ßuorides  from  silicic  acid  and  silicates. 

A great  many  native  silicates  contain  metallic  fluorides ; care  there- 
fore  must  always  be  taken  in  the  analysis  of  minerals,  not  to  overlook  the 
latter. 

If  the  silicates  containing  the  metallic  fluorides,  are  decomposable  by 
acids  (which  is  only  rarely  the  case) — and  the  silicic  acid  is  separated,  in 
the  usual  way,  by  evaporation,  the  whole  of  the  fluorine  may  volatilise. 

a.  Berzelius'  s method. 

Fuse  the  finely  pulverised  and  elutriated  substance  with  four  parts  of 
carbonate  of  soda,  for  some  time,  at  a strong  red  heat ; digest  the  mass  in 
water,  boil,  Alter,  and  wash,  first  with  boiling  water,  then  with  solution  of 
carbonate  of  ammonia.  The  filtrate  contains  all  the  fluorine  as  fluoride  of 
sodium,  and,  besides  this,  carbonate  of  soda,  silicate  of  soda,  and  a mixture 
of  soda  and  alumina.  Mix  the  filtrate  with  carbonate  of  ammonia,  and 
heat  the  mixture,  replacing  the  carbonate  of  ammonia  which  evaporates. 
Filter  off  the  precipitate  of  hydrate  of  silicic  acid  and  hydrate  of  alumina, 
and  wash  with  carbonate  of  ammonia.  Heat  the  filtrate  until  the  car- 
bonate of  ammonia  is  completely  expelled,  and  determine  the  fluorine  as 
directed  § 109.  To  separate  the  silicic  acid,  the  two  precipitates  are  de- 
composed  with  hydrochloric  acid,  as  directed  § 111,  II.  a.* 

ß.  Wähler' s method  (applicable  only  in  the  analysis  of  susbtances  which 
contain  a large  proportion  of  fluorine,  and  are  readily  decomposed  by 
sulphuric  acid). 

Reduce  the  compound  under  examination  to  the  very  finest  powder,  in- 
troduce  this  into  a small  flask,  pour  pure  sulphuric  acid  over  it,  close 
the  flask  quickly  with  a perforated  cork  into  which  a small  tube  with 
chloride  of  calcium  is  fitted,  weigh  the  apparatus  with  the  greatest  dis- 
patch,  and  then  apply  heat  until  the  evolution  of  fumes  of  fluoride  of 
Silicon  cease ; remove  the  last  remaining  traces  of  the  gas  from  the 
flask,  by  an  exhausting  syringe,  let  the  apparatus  cool,  and  then 
wreigh.  The  loss  indicates  the  weight  of  the  fluoride  of  Silicon  expelled 
in  the  process.  Deduce  from  this  the  quantity  both  of  the  fluoriue  and 
of  the  Silicon,  calculate  the  latter  as  silicic  acid,  and  add  the  quantity 
found  to  the  weight  of  the  silicic  acid  in  the  residue. 

8.  Metallic  fluorides,  silicates,  and  Phosphates,  in  the 

PRESENCE  OF  EACH  OTHER. 


* The  whole  of  the  silicic  acid  may  be  removed  from  the  filtrate  by  the  treatment  with 
carbonate  of  ammonia;  the  addition  of  carbonate  of  zinc  and  ammonia,  recommendcd  by 
Berzelius,  and  afterwards  by  Regnav.lt,  appears  therefore  snperfluous  (If.  Rose). 
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Native  compounds  of  fluorides,  silicates,  and  phosphates  are  not 
uncommon.  They  are  decomposed  as  in  7,  a.  Complete  decomposi- 
tion  of  tbe  pliosphates  is  not  always  effected  in  this  process,  as,  for 
instance,  phosphate  of  lime  is  only  partially  decomposed  by  fusion  with 
carbonate  of  soda.  Tbe  solution  remaining  after  tbe  Separation  and  re- 
moval  of  tbe  silicic  acid,  and  tbe  volatilisation  of  the  carbonate  of  ammonia, 
contains,  in  presence  of  phosphates,  besides  fluoride  of  sodium  and  car- 
bonate of  soda,  also  phosphate  of  soda. 

Neutralise  tbe  fluid  nearly  with  liydrochloric  acid,  precipitate  with 
chloride  ofcW»mivr,  Alter,  dry,  and  ignite  the  precipitate,  which  consists  of 
fluoride  of  calcium,  phosphate  of  lime,  and  carbonate  of  lime ; treat  the 
residue  with  acetic  acid  in  excess,  and  evaporate  on  the  water-bath  to 
dryness,  and  the  acetic  acid  is  completely  expelled  ; dissolve  the  ace- 
tate  of  lime  into  which  tbe  carbonate  bas  been  converted  by  the  last 
Operation,  with  water,  weigli  the  residue,  which  consists  of  phosphate  of 
lime  and  fluoride  of  calcium,  and  effect  its  ulterior  decomposition  as  directed 
in  6.  In  the  original  residue  of  the  first  Operation  and  in  the  precipitate 
thrown  down  by  carbonate  of  ammonia,  determine  the  silicic  acid,  the 
rest  of  the  phosphoric  acid,  and  the  bases. 

9.  Silicic  acid  from  all  other  acids  (except  hydrofluoric  acid). 

a.  In  compounds  decomposed  by  hydrochloric  acid. 

Decompose  the  substance  by  more  or  less  protracted  digestion  with 
hvdrochloric  acid  or  nitric  acid,  evaporate  on  the  water-bath  * to  dryness 
(§  111,  II.  «.),  treat  the  residue,  according  to  circumstances,  with  water, 
hydrochloric  acid,  or  nitric  acid,  Alter  the  fluid  from  the  residuary 
silicic  acid,  and  determine  the  other  acids  in  the  filtrate.  In  presence  of 
boracic  acid,  the  evaporation  is  effected  in  a flask,  and  the  escaping  fumes 
are  conducted  into  water,  to  avoid  loss  of  substance.  If  carbonates  are 
present,  tbe  carbonic  acid  is  determined  in  a separate  portion  of  the 
substance. 

ß.  In  compounds  which  are  not  decomposed  by  hydrochloric  acid. 

Decompose  tbe  substance  by  ignition  with  carbonate  of  soda  and  potassa 
(§  111,  II.  b.  a.),  and  either  treat  tbe  residue  at  once  cautiously  with 
dilute  hydrochloric  acid  or  nitric  acid,  and  the  solution  thus  obtained 
as  in  a. ; or  treat  the  residue  with  water,  precipitate  tbe  silicic  acid  by 
heating  with  bicarbonate  of  ammonia,  Alter,  add  the  precipitate  to  the 
undissolved  residue,  and  determine  the  silicic  acid,  in  the  united  mass,  by 
treating  this  with  hydrochloric  acid,  and  proceeding  as  directed  § 111, 
II.  a.  Determine  the  other  acids  in  tbe  filtrate.  Which  of  tbese 

two  methods  may  be  preferable  in  particular  cases  depends  upon  tbe 
nature  of  tbe  bases,  and  upon  tbe  relative  proportion  of  tbe  silicic  acid 
present. 

* A higher  tempernture  would  not  answer. 
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10.  CaRBONIC  ACID  FROM  ALL  OTHF.R  ACIDS. 

When  carbonates  are  heated  with  stronger  acids,  tlie  carbonic  acid  is 
expelled;  tbe  presence  of  carbonates,  tlierefore,  does  not  interfere  with 
the  quantitative  estimation  of  most  other  acids.  And  as,  on  the  other 
band,  tbe  simplest  and  most  ready  way  of  determining  tbe  quantity  of 
the  carbonic  acid  present  in  a compound  is  to  infer  it  from  tbe  loss  of  weight 
suflered  by  ignition,  tbe  presence  of  salts  of  non-volatile  acids  does  not 
interfere  with  the  determination  of  tbe  carbonic  acid.  Accordingly,  Com- 
pounds containing  carbonates,  sulphates,  pbospbates,  &c.,  are  analysed  in 
two  separate  portions,  tbe  carbonic  acid  being  determined  in  one,  tbe  other 
acids  in  the  other  sample.  In  presence  of  fluorides,  one  of  tbe  weak  non- 
volatile  acids,  such  as  tartaric  acid  or  citric  acid,  must  be  employed  to  expel 
tbe  carbonic  acid ; since,  were  sulphuric  acid  or  hydrochloric  acid  used 
for  tbe  purpose,  part  of  the  liberated  bydrofluoric  acid  would  escape 
with  the  carbonic  acid.  If,  as  will  occasipnally  happen  in  an  analysis, 
a mixed  precipitate  of  fluoride  of  calcium  and  carbonate  of  Urne  is  thrown 
down  from  a solution,  tbe  two  salts  may  be  separated  by  evaporating  tbe 
mixed  precipitate  with  acetic  acid  to  dryness,  and  treating  tbe  residue  with 
water  : tbe  acetate  of  lime  formed  from  tbe  carbonate  is  dissolved,  tbe 
fluoride  of  calcium  is  left  undissolved. 

SECOND  GROUP. 

HYDROCHLORIC  ACID HYDROBROMIC  ACID HYDRIODIC  ACID 

HYDROCYANIC  ACID — HYDROSULPHURIC  ACID  (SULPHURETTED 

hydrogen). 

I.  Separation  of  the  acids  of  the  second  Group  from  those 

OF  THE  FIRST. 

§ 135. 

a.  Separation  of  all  the  acids  of  the  second  group  from  those  of  the 
first. 

Mix  the  dilute  solution  of  the  compound  under  examination  with  nitric 
acid,  add  solution  ot  nitrate  ot  silver  in  excess,  and  Alter  tbe  fluid  from 
tbe  insoluble  chloride,  bromide,  iodide,  &c.,  of  silver.  Tbe  filtrate  con- 
tains  tbe  whole  of  the  acids  of  tbe  first  group,  the  silver  salts  of  these 
acids  being  soluble  in  water  or  in  nitric  acid.  Carbonic  acid  must,  under  all 
circumstances,  be  determined  in  a separate  portion.  If  this  is  done  as  § 1 10, 

II.  h.  ß.y  chlorides  being  present,  hydrochloric  acid  will  escape  with  tbe  car- 
bonic acid.  In  an  accurate  analysis,  tbe  defect  is  avoided  by  adding  a solution 
of  sulphate  of  silver  in  slight  excess,  or,  according  to  Vohl,  by  adding  some 
finely  triturated  oxide  ot  mercury  ; wbich  addition  will  at  tbe  same  time 
prevent  the  escape  ot  sulphuretted  hydrogen  in  presence  of  sulphides  ; 
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the  latter  object  may  be  attained  also  by  the  addition  of  some  neutral 
chromate  of  potassa. 

b.  Separation  of  some  acids  of  the  second  group  from  acids  of  tlie 
first  group. 

As  it  is  inconvenient  for  tbe  ulterior  Separation  of  the  acids  of  the 
second  group  to  have  them  all  in  the  form  of  insoluble  silver  compounds, 
tbe  following  metliods  are  preferred  to  that  described  in  a.,  in  cases  wliere 
several  acids  of  the  second  group  liave  to  be  separated  jointly  from  acids 
of  tlie  first  group. 

1.  Sulphuric  acid  may  be  separated  from  tbe  acids  of  tbe  second 
group  by  tbe  method  described  in  § 134,  2,  with  this  modification,  that 
nitrate  of  baryta  is  substituted  for  chloride  of  barium. 

2.  Phosphoric  acid  may  be  precipitated  by  means  of  nitrate  of  mag- 
nesia  in  presence  of  ammonia  and  nitrate  of  ammonia  (compare  § 106, 
I.  b.).  The  acids  of  the  second  group  are  determined  in  the  filtrate. 

3.  Oxalic  acid  majr  be  readily  removed  by  nitrate  of  lime. 

4.  Sulphuretted  Hydrogen  may  be  separated  from  the  acids  of  the 
first  group,  by  nitrate  of  copper,  or  of  a solution  of  arsenious  acid  in 
water,  to  which  some  nitric  acid  is  added. 

5.  Chlorine  in  silicates. 

a.  If  the  silicates  dissolve  in  dilute  nitric  acid,  precipitate  the  solution 
at  once  with  nitrate  of  silver,  without  applying  heat,  remove  the  excess  of 
silver  from  the  filtrate  by  dilute  liydrochloric  acid,  still  without  applying 
heat,  and  then  separate  the  silicic  acid  in  the  usual  way. 

ß.  If  the  silicate  forms  a jelly  upon  its  decomposition  with  nitric  acid, 
dilute,  allow  it  to  deposit,  filter,  wasli  the  silicic  acid,  and  treat  the 
filtrate  as  in  a. 

y.  If  nitric  acid  fails  to  decompose  the  silicates,  mix  the  substance  with 
carbonate  of  soda  and  potassa,  and  moisten  the  mass  with  water  ; dry  in  the 
crucible,  fuse,  boil  with  water,  remove  the  silicic  acid  which  may  have 
dissolved,  with  carbonate  of  ammonia  (§  134,  7,  a.),  and  then  pre- 
cipitate, after  addition  of  nitric  acid,  with  nitrate  of  silver  (II.  Rose). 

6.  Chlorides  in  presence  of  fluorides. 

If  the  substance  is  soluble  in  water,  the  Separation  may  be  effected  as 
directed  in  a. ; but  it  is  more  conveuient  to  precipitate  the  fluorine  with 
nitrate  of  lime,  and  the  chloriue  in  the  filtrate  with  solution  of  nitrate  of 
silver.  Insoluble  compounds  are  fused  with  carbonate  of  soda  and  silicic 
acid  (see  § 134,  7,  «•)• 

7.  Chlorine  in  presence  of  fluorine,  in  silicates. 

Proceed  as  directed  § 134,  7,  a.  Saturate  the  alkaline  filtrate  nearly 

with  nitric  acid,  precipitate  with  nitrate  of  lime,  separate  the  fluoride  of 
calcium  and  the  carbonate  of  lime  as  directed  § 134,  10,  and  precipitate 
tbe  chlorine  in  the  filtrate  by  solution  of  nitrate  of  silver. 
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8.  SULPHIDES  FROM  SULPHATES. 

In  solid  compounds,  sulphides  of  tlie  alkali  metals  may  be  separated 
from  sulphates  of  the  alkalies  by  means  of  alcohol,  in  whicli  the  former 
are  soluble,  tlie  latter  insoluble  (II.  Rose ) ; or  the  substance  may  be  di- 
vided  into  two  portions,  and  the  quautity  of  the  sulphide  determined  in 
one  portion  by  analysis  by  measure,  or  by  means  of  solution  of  copper 
(§  1 1 6),  the  quantity  of  the  sulphuric  acid  in  the  otlier  portion,  by  pre- 
cipitating  with  Chloride  of  barium,  decanting  the  fluid,  and  treating  the 
precipitate  with  dilute  hydrochloric  acid  before  proceeding  to  filtration. 
The  sulphur  whicli  may  possibly  have  fallen  down  with  the  sulphate  of 
baryta,  is  consumed  upon  the  ignition  of  tliat  salt,  and  does  not  interfere, 
therefore,  with  the  quantitative  estimation  of  the  sulphate. 

9.  MeTALLIC  SULPHIDES  IN  SILICATES. 

If  the  substance  is  decomposable  by  acids,  reduce  it  to  the  very  finest 
powder,  and  treat  tliis  with  fuming  nitric  acid  (§  116,  II.  2,  «.).  Wlien 
the  sulphur  is  completely  oxidised,  dilute,  filter  off  the  silicic  acid,  add 
carbonate  of  ammonia  to  the  filtrate,  to  remove  the  portion  of  silicic  acid 
which  may  possibly  have  dissolved,  filter  again,  and  determine  in  the  fil- 
trate the  sulphuric  acid  formed. 

Appendix:  Analysis  of  compounds  containing  sulphides 

OF  THE  ALKALI  METALS,  CARBONATES,  SULPHATES,  AND  HYPOSUL- 
PHITES. 

§ 136. 

The  following  method  was  first  employed  by  G.  Werther,*  in  the  ex- 
amination  of  gunpowder  residues. 

Put  the  substance  into  a flask,  pour  water  over  it,  in  which  a sufficient 
quantity  of  carbonate  of  oxide  of  cadmiumf  is  suspended,  insert  the  cork, 
and  shake  the  vessel  frequently.  The  sulphide  of  the  alkali  metal  decom- 
poses  completely  with  the  carbonate  of  cadmium.  Filter  the  yellow  pre- 
cipitate off,  and  treat  it  with  dilute  acetic  acid  (not  with  hydrochloric 
acid)  ; the  carbonate  of  cadmium  dissolves,  the  sulphide  of  cadmium  is 
left  undissolved.  Oxidise  the  latter  with  chlorate  of  potassa  and  nitric 
acid  (§  116,  II.  2,  a.  ß.),  and  precipitate  with  chloride  of  barium  the 
sulphuric  acid  formed  from  the  sulphide. 

Heat  the  fluid  filtered  from  the  yellow  precipitate,  and  mix  with 
solution  of  nitrate  of  silver.  The  precipitate  thrown  dowm  by  tliat  re- 
agent  consists  of  carbonate  of  silver  and  sulphide  of  silver  (KO,  S202-|- 
AgO,  NOj  = KO,  SO 3 + AgS-fNOs).  Remove  the  former  salt  by  means 
of  ammonia,  and  precipitate  from  the  ammouiacal  solution  the  silver — 

* Joum.  f.  prakt.  Cliem,  55,  22. 

f To  obtain  the  carbonate  of  oxide  of  cadmium  free  from  alkali,  carbonate  of  ammonia 
must  be  used  as  precipitant. 
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after  acidifying  with  uitric  acid — by  means  of  chloride  of  barium.  Every 
equivalent  of  chloride  of  silver  so  obtained  corresponds  to  an  equivalent 
of  carbonate.*  Dissolve  the  sulphide  of  silver  in  dilute  boiling  nitric  acid, 
determine  the  silver  in  the  solution  as  chloride  of  silver,  and  calculate  from 
the  resulting  number  the  quantity  of  the  hyposulphite ; one  equivalent 
of  AgCl  corresponds  to  two  equivalents  of  sulpliur  in  hyposulphurous  acid, 
and  accordingly  to  one  equivalent  of  hyposulphite  (KO,  S202). 

From  the  fluid  filtered  from  the  sulphide  and  carbonate  of  silver,  re- 
move  first  the  excess  of  silver,  by  means  of  hydrochloric  acid,  and  then 
precipitate  the  sulphuric  acid  by  a salt  of  baryta.  From  the  weight  of 
the  sulphuric  acid  found  you  have,  of  course,  to  deduct  an  amount  cor- 
responding  to  the  quantity  of  tliat  acid  resulting  from  the  decomposition 
of  the  hyposulphurous  acid,  and  accordingly  for  one  equivalent  of  chloride 
of  silver  formed  from  the  sulphide,  0 28  equivalent  of  sulphuric  acid.  The 
balance  gives  the  amount  of  sulphuric  acid  originally  present  in  the  ana- 
lysed  compound.  As  a control  for  the  accuracy  of  your  analysis  you  may 
determine,  in  the  fluid  filtered  off  from  the  sulphate  of  baryta,  the  alkali 
as  sulphate,  as  directed  in  § 76  or  § 77. 

II.  Separation  of  the  acids  of  the  second  group  from  each 

OTHER. 

§ 137. 

1.  Chlorine  from  bromine. 

All  the  methods  of  direct  analysis  hitherto  proposed,  to  eflect  the  Sepa- 
ration of  chlorine  from  bromine,  are  defective.  The  bromine  is  therefore 
usually  determined  in  a more  indirect  way. 

ß.  Precipitate  with  nitrate  of  silver,  wash  the  precipitate,  dry,  fuse,  and 
weigh.  Transfer  a portion  of  the  mixed  chloride  and  bromide  of  silver 
to  the  bulb  of  a weighed  bulb-tube,  j*  fuse  in  the  bulb,  let  the  mass  cool,  and 
weigh.  This  Operation  gives  both  the  total  weight  of  the  tube  with  its 
contents,  and  the  weight  of  the  portion  of  mixed  chloride  and  bromide  of 
silver  in  the  bulb.  The  greatest  accuracy  in  the  several  weighings  is  in- 
dispensable. Transmit  through  the  tube  a slow  stream  of  dry  pure 
chlorine  gas,  heat  the  contents  of  the  bulb  to  fusion,  and  shake  the  fused 
mass  occasionally  about  in  the  bulb.  After  the  lapse  of  about  twenty 
minutes,  take  off  the  tube,  allow  it  to  cool,  hold  it  in  an  oblique  position, 
tliat  the  chlorine  gas  may  be  replaced  by  atmospheric  air,  and  then  weigh. 
Heat  once  more,  for  about  ten  minutes,  in  a stream  of  chlorine  gas,  and 

* A quantity  equivalent  to  the  sulphide  found  has  to  be  deducted  from  this  (KS-f-CdO, 
C02=CdS+K0,  C02). 

f The  best  way  of  effecting  the  transfer  of  this  portion  from  the  crucible  to  the  tube  is  to 
fuse  the  mass  in  the  crucible  again,  and  then  let  a portion  of  it  run  from  the  latter  into  the 
tube. 
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weigh  again.  If  the  two  last  weigliings  agree,  the  experiment  is  termi- 
nated ; if  not,  the  Operation  must  be  repeated  once  more.  The  loss  of 
weight  suffered,  multiplied  by  4-223  gives  the  quantity  of  the  bromide  of 
silver  decomposed  by  the  chlorine.  For  the  mode  of  calculating  the  re- 
sults,  see  § 168. 

This  method  gives  very  accurate  results,  if  the  proportion  of  bro- 
mine present  is  rather  large;  but  uncertain  ones  in  cases  where  mere 
traces  of  bromine  liave  to  be  determined  in  presence  of  large  quantities  of 
Chlorides,  as,  for  instance,  in  sahne  springs.  To  render  the  method  available 
in  such  cases,  the  great  point  is  to  produce  a silver  compound  which  con- 
tains  all  the  bromine  present,  and  only  a small  part  of  the  chlorine.  This 
end  may  be  attained  in  several  ways. 

«.  According  to  Fehling.  Mix  the  solution  cold  with  a quantity  of  solution 
of  nitrate  of  silver  very  insufficient  to  effect  complete  precipitation,  and 
shake  the  mixture  vigorously.  If  the  amount  of  the  precipitate  produced 
corresponds  at  all  to  the  quantity  of  bromine  present,  the  whole  of  the 
latter  substance  is  obtained  in  the  precipitate. 

Fehling  recommends  the  following  proportions  : — 

To  0-001  of  bromine  use  one-fifth  or  one-sixth  the  quantity  of  solution 
of  nitrate  of  silver  that  would  be  required  to  dfect  complete  precipitation  ; 
— to  0-0001  of  bromine,  one-tenth  ; — to  0-00002  of  bromine,  one-thirtieth  ; 
— to  0-00001  of  bromine,  one-sixtieth. 

"Wash  the  mixed  precipitate  of  Chloride  and  bromide  of  siver  thoroughhj, 
dry,  ignite,  weigh,  and  treat  with  chlorine,  as  above.  To  find  the  quan- 
tity of  the  cblorine,  precipitate  another  weighed  portion  of  the  original 
solution  completely  with  solution  of  nitrate  of  silver,  and  deduct  from  the 
weight  of  the  precipitate  the  quantity  of  bromide  of  silver  found. 

ß.  Marchand  * has  slightly  modified  Fehling' s method.  He  reduces 
with  zinc  the  mixed  precipitate  of  chloride  and  bromide  of  silver  obtained 
by  Fehling'  s fractional  precipitation,  decomposes  the  solution  of  chloride 
and  bromide  of  zinc  with  carbonate  of  soda,  evaporates  to  dryness,  and 
treats  the  residue  with  absolute  alcohol,  which  dissolves  all  the  bromide 
of  sodium  with  only  a little  of  the  chloride  of  sodium  ; he  t'hen  evaporates 
the  solution  to  dryness,  treats  the  residue  with  water,  precipitates  again 
with  solution  of  nitrate  of  silver,  and  subjects  a part  of  the  weighed  pre- 
cipitate to  the  treatment  with  chlorine. 

h.  Determine  in  a portion  of  the  solution  the  chlorine-)- bromine  (by 
precipitation  with  solution  of  nitrate  of  silver),  either  by  analysis  by 
weight  or  by  analysis  by  measure  ; and  in  another  portion  the  bromine, 
either  by  the  colorimetrical  method  (§  113,  I.  f>.),  or  by  the  volumetrical 
method  (§  113,  I.  c.)  ; calculate  t}je  chlorine  from  the  difference.  This 
method  is  well  adapted  for  an  expeditious  analysis  of  motlier  liquors. 

* Journ.  f.  prakt.  Chem.  47,  363. 
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2.  Chlorine  from  iodine. 

a.  Mix  the  solution  with  nitrate  of  protoxide  of  palladium,  and  deter- 
mine  tlie  precipitated  protiodide  of  palladium  as  directed  § 114,  I.  b, 
Conduct  sulphuretted  hydrogen  into  the  filtrate,  to  remove  the  excess  of 
the  palladium,  destroy  the  excess  of  the  sulphuretted  hydrogen  by  solution 
of  sulphate  of  sesquioxide  of  iron,  and  precipitate  the  chlorine  ultimately 
with  solution  of  nitrate  of  silver.  It  is  generally  found  rnore  simple  and 
conveuient  to  divide  the  solution  of  the  substance  to  be  analysed,  into  two 
parts,  and  to  precipitate  from  one  portion  the  iodine,  by  means  of  protochlo- 
ride  of  palladium,  as  directed  § 114,  I.  b.,  from  the  other  portion,  the 
chlorine  and  iodine  jointly  with  solution  of  nitrate  of  silver  (§§  112  and 
1 14),  and  to  calculate  the  chlorine  from  the  difference.  The  results  are 
very  accurate. 

In  the  case  of  fluids  containing  a large  proportion  of  Chlorides  of  the 
alkali  metals,  to  a small  quantity  of  iodides  of  the  alkali  metals,  the  iodide 
is  concentrated  by  adding  carbonate  of  ammonia  to  the  fluid,  evaporating 
to  dryness,  treating  the  residue  with  alcohol,  evaporating  the  alcoholic 
solution,  and  treating  the  residue  with  water. 

b.  Precipitate  a portion  of  the  fluid  with  solution  of  nitrate  of  silver, 
and  determine  the  chlorine  + iodine  ; in  another  portion,  determine  the 
quantity  of  the  iodine  separately  by  the  volumetrical  method  (§  1 14,  I.  c.), 
and  calculate  the  chlorine  from  the  difference. 

c.  Proceed  exactly  as  in  the  indirect  determination  of  bromine  in  pre- 
sence  of  chlorine  (§  137,  1,  a.).  The  loss  of  weight  suffered  by  the  silver 
precipitate  in  the  fusion  in  chlorine  gas,  multiplied  by  2-569,  gives  the 
quantity  of  the  iodide  of  silver  decomposed  by  chlorine. 

d.  According  toMoride  (Comp.rend.35, 789. — Journ.f.  prakt.  Chem.  58. 
317)*  Free  iodine  dissolves  in  benzole,  impartingared  color  to  the  fluid ; tliis 
color  is  the  darker,  the  greater  the  quantity  of  iodine  dissolved ; upon  ex- 
posure  to  the  air  the  iodine  volatilises,  and  the  fluid  loses  its  color.  If, 
therefore,  a fluid  containing  an  iodide  of  an  alkali  metal,  is  mixed  with  a few 
drops  of  yellow  fuming  nitric  acid  and  from  2 to  3 grammes  of  benzol,  and 
the  mixture  is  vigorously  shaken ; the  benzole  ascends  to  the  surface,  and 
exhibits  a magnificent  color,  which  will  indicate  even  as  little  as  O’OOl 
grm.  of  iodine  in  4 htres  of  water.  To  determine  the  quantity  of  the 
iodine,  the  iodised  benzole  is  washed  with  water,  shaken  with  a few  drops 
of  solution  of  nitrate  of  silver,  the  iodide  of  silver  formed  washed  with 
alcohol  of  33  degrees,  and  determined  in  the  usual  way;*  chlorine  and 
bromine  impart  no  color  to  benzole,  and  remain  dissolved  in  the  water  with 
which  the  benzole  is  washed.  They  are  precipitated  with  solution  of  nitrate 
of  silver. 

* It  is  probable  that  the  iodine  may  be  determined  in  the  benzole  solution,  approxnnately 
by  the  colorimetrical  method,  and  accurately  by  Bunsen's  method  (page  261). 
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3.  Chlorine,  bromine,  and  iodine  from  each  other. 

a.  The  three  metalloids  are  determined  jointly  in  a portion  of  the  fluid, 
by  precipitating  with  solution  of  nitrate  of  silver.  To  determine  the 
iodine,  another  portion  is  precipitated  with  protochloride  of  palladium  in 
the  least  possible  excess.  The  fluid  filtered  from  the  precipitate  is 
freed  from  palladium,  by  means  of  sulphuretted  hydrogen,  and  the  excess 
of  the  latter  removed  by  means  of  sulphate  of  sesquioxide  of  iron ; the 
chlorine  and  bromine  are  then  precipitated  jointly,  either  completely  or 
partially,  with  solution  of  nitrate  of  silver,  and  the  bromine  is  ultimately 
determined  as  directed  § 137,  1,  a. 

b.  If  the  compound  contains  a large  proportion  of  chlorine  to  a small 
proportion  of  bromine,  the  iodine  may  be  precipitated  also  by  nitrate  of 
protoxide  of  palladium,  as  there  is  no  danger  in  that  case  of  protobromide  of 
palladium  being  thrown  down  with  the  precipitate.  The  filtrate  is  treated 
as  in  a. 

Both  methods  give  verv  accurate  results. 

c.  Separate  the  iodine  by  means  of  benzole  (2,  d.),  and  determine  in  the 
aqueous  fluid  the  bromine  and  chlorine  as  in  a. 

d.  According  to  Grange  (Compt.  rend.33,  G27. — Journal  f.  prakt.  Chem. 
55,  167).  Ilyponitric  acid  (free  from  nitric  acid),*  conducted  into  apure 
solution,  of  bromide  of  potassium  causes  no  alteration  ; but  if  the  solution 
contains  an  iodide,  the  iodine  separates  and  imparts  a color  to  the  fluid.  If 
Chloroform  is  now  added,  and  the  mixture  shaken,  the  iodine  dissolves 
in  the  Chloroform.  In  the  fluid  separated  from  the  latter,  the  bromine  is 
thrown  down  by  means  of  nitric  acid  and  sulphuric  acid  added  slightly  in 
excess  ; and  the  separated  bromine  is  then  also  removed  by  Chloroform  ; 
the  chlorine  is  ultimately  determined  by  means  of  solution  of  nitrate  of 
silver. 

The  quantities  of  the  dissolved  iodine  (and  probably  also  of  the  bro- 
mine) in  the  iodised  and  bromised  Chloroform  may  be  estimated,  according 
to  Rabourdin,-f  by  the  colorimetrical  method ; but  they  may,  undoubtedly 
also  be  accurately  determined  by  Bimsen’ s methods  (§  113,  Appendix, 
and  § 114,  Appendix). 

4.  Cyanogen  from  chlorine,  bromine,  or  iodine. 

a.  Precipitate  with  solution  of  nitrate  of  silver,  collect  the  precipi- 
tate upon  a tared  Alter,  and  dry  in  the  water-bath  until  the  weight 
remains  constant ; determine  the  quantity  of  the  cyanogen  in  it,  by  the 
methods  of  organic  elementary  analysis.  The  difference  gives  the  quantity 
of  chlorine,  bromine,  or  iodine. 

b.  Hydrocyanic  acid  in  presence  of  hydrochloric  acid,  in  aqueous  solu- 

* This  may  be  obtained  by  a more  intense  ignition  of  feebly  ignited  nitrate  of  oxide  of 
lead. 

t Compt.  rend.  31,  784.  Ann.  d.  Chem.  u.  Pharm.  76,  375. 
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tion.  Divide  the  solution  into  two  portions,  determine  in  one  the  two 
acids  jointly,  by  precipitating  with  solution  of  nitrate  of  silver  (§>  115). 
Add  to  the  other  portion  solution  of  biborate  of  soda,  evaporate  to  dry- 
ness,  heat  the  residue,  but  not  to  fusion,  and  determine  the  hydrochloric 
aeid  in  it.  The  hydrocyanic  acid  bas  been  completely  volatilised  in  the 
process  of  evaporation  with  biborate  of  soda  ( Wackenroder ). 

c.  Determine  the  elements  jointly  in  a portion  of  the  solution,  by  pre- 
cipitating with  solution  of  nitrate  of  silver,  and  the  cyanogen  in  another 
portion,  by  the  volumetrical  method  (§  115,  I.  b.  and  c.). 

5.  SlJLPHURETTED  HYDROGEN  FROM  HYDROCHLORIC  ACID. 

The  usual  method  of  separating  the  two  acids  by  means  of  a metallic 
salt  is  liable  to  give  false  results,  as  part  of  the  chloride  of  the  metal 
may  fall  down  with  the  sulpliide.  The  safest  way  therefore,  is  to  preci- 
pitateboth  as  silver  compounds,  dry  the  precipitate  at  212°,  and  determine 
the  sulphur  in  a weighed  portion.  To  remove  sulphuretted  hydrogen 
from  an  acid  solution  in  order  that  chlorine  may  be  determined  in  the 
latter  by  means  of  nitrate  of  silver,  H.  Rose  recommends  to  add  solution 
of  sulphate  of  sesquioxide  of  iron,  which  will  effect  the  Separation  of 
sulphur  alone  ; the  separated  sulphur  is  allowed  to  deposit,  and  then 
filtered  off.  The  sulphuretted  hydrogen  may  be  determined  in  another 
portion,  by  the  volumetrical  method  (§  116). 

6.  A perfectly  new  method  of  determining  ferrocyanides  and  ferricy- 
anides  in  presence  of  each  other  will  be  found  in  § 1 98. 

THIRD  GROUP. 

NITRIC  ACID CHLORIC  ACID. 

I.  Separation  of  the  acids  of  the  third  group  from  those 

OF  THE  TWO  FIRST  GROUPS. 

§ 138. 

a.  If  you  have  a mixture  of  nitric  acid  or  chloric  acid  with  another  free 
acid  in  a fluid  containing  no  bases,  determine  in  one  portion  the  joint 
amount  of  the  free  acid,  by  the  acidimetrical  method,  in  another  portion 
the  acid  mixed  with  the  chloric  or  nitric  acid,  and  calculate  the  amount  of 
either  of  the  latter  from  the  difference. 

b.  If  you  have  to  analyse  a mixture  of  a nitrate  or  chlorate  with  some 
other  salt,  determine  in  one  portion  the  nitric  acid  or  chloric  acid,  by  the 
volumetrical  method  (§  117,  II-  «•  and  § 118),  or,  the  nitric  acid,  by 
means  of  arsenious  acid  (§  117,  II.  b.)  ; and  in  another  portion  the 
other  acid.  I think  I need  hardly  remark  that  no  substances  must  be 
present  which  would  interfere  with  the  application  of  these  methods. 
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c.  From  the  Chlorides  of  those  metals  which  form  with  phosphoric 
acid  insoluble  tribasic  pbospbates,  the  salts  of  the  acids  of  the  third  group 
may  be  separated  also  by  digesting  the  solution  with  freshly  precipitated 
thoroughly  washed  tribasic  phosphate  of  silver,  and  boiling  the  mixture. 
In  this  process  the  Chlorides  transpose  with  the  phosphate — chloride  of 
silver  and  phosphate  of  the  metal  with  which  the  chlorine  was  originally 
combined,  being  formed,  which  both  separate,  together  with  the  excess  of 
the  phosphate  of  silver,  whilst  the  chlorates  and  nitrates  remain  in  solu- 
tion ( Chevenix , Lassaigne). 

d.  The  estimation  of  the  chloric  acid  in  a compound  of  a chlorate  of  an 
alkali  and  a metallic  chloride,  may  be  elfected  also  in  the  following  manner  : 
A weighed  portion  of  the  compound  is  precipitated  from  the  aqueous  solution 
with  nitrate  of  silver,  and  the  precipitated  chloride  of  silver  accurately 
weighed  ; an  equal  portion  of  the  substance  is  cautiously  ignited,  the  residue 
dissolved  in  water,  nitrate  of  silver  added  in  excess  to  the  solution,  and  the 
precipitated  chloride  of  silver  weighed.  The  quantity  of  the  chloric  acid 
is  then  calculated  from  the  difference  between  the  respective  weights  of  the 
two  precipitates. 


II.  Separation  of  the  acids  of  the  third  group  from  each 

OTHER. 


We  have  as  yet  no  method  to  effect  the  direct  Separation  of  nitric  acid 
from  chloric  acid ; some  indirect  method  must  therefore  be  employed  to 
determine  either  of  the  two  acids  in  presence  of  the  other.  No  general 
rules  can  be  given  as  to  which  of  the  indirect  methods  may  be  best  adapted 
in  particular  cases. 


SECTION  VI. 

ORGANIC  ELEMENTARY  ANALYSIS. 

§ 139. 

Organic  compounds  contain  only  comparatively  few  of  the  elements 
which  constitute  tbe  material  world.  A small  number  of  them  consist 
simply  of  two  elements,  viz., 

C and  II, 

The  greater  number  contain  three  elements,  viz.,  usually, 

, C,  II,  and  0. 
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Most  of  the  rest  contain  four  elements,  viz.,  generally, 

C,  II,  O,  and  N ; 

A small  number  contain  five  elements,  viz., 

C,  II,  O,  N,  and  S, 

And  a few  contain  six  elements,  viz., 

C,  H,  O,  N,  S,  and  P. 

Tliis  applies  to  all  the  natural  organic  compounds  whicli  have  as  yet 
come  under  our  notice.  But  we  may  artificially  prepare  organic  com- 
pounds containing  other  elements  besides  tliose  enumerated ; thus  we 
know  many  organic  substances,  tbe  radicals  of  which  contain  chlorine, 
iodine,  or  bromine ; or  arsenic,  platinum,  iron,  cobalt,  &c.,  &c. ; and  it  is 
quite  impossible  to  say  which  of  the  other  elements  may  not  be  simi- 
larly  capable  of  forming  constituents  of  organic  compounds  (consti- 
tuents  of  organic  radicals). 

With  these  compounds  we  must  not  confound  those  that  are  to  be 
looked  upon  as  compounds  of  a higher  Order,  such  as  tartrate  of  lead, 
for  instance,  silicate  of  oxide  of  ethyle,  borate  of  morphia,  &c.  ; since  in 
tliis  dass  of  compounds,  of  course,  all  and  every  one  of  the  elements  may 
happen  to  be  present. 

Organic  compounds  may  be  analysed  either  with  a view  simply  to  re- 
solve  them  into  their  proximate  constituents ; thus,  for  instance,  a gum 
resin  is  resolved  into  resin,  gum,  and  ethereal  oil ; — or  the  analysis 
may  have  for  its  object  the  determination  of  the  absolute  and  relative 
weight  of  the  ultimate  constituents  (the  elements)  of  the  analysed  com- 
pound. The  simple  resolution  of  organic  compounds  into  their  proximate 
constituents,  is  effected  by  methods  perfectly  similar  to  those  used  in  the 
analysis  of  inorganic  compounds  ; that  is,  the  operator  endeavors  to  sepa- 
rate (by  solvents,  application  of  heat,  &c.  &c.)  the  individual  constituents 
from  one  another,  either  directly , or  after  having  previously  converted 
them  into  appropriate  forms.  We  disregard  liere  altogether  this  brauch 
of  organic  analysis — of  which  the  methods  must  be  nearlv  as  numerous 
and  varied  as  the  cases  which  require  their  application,  and  proceed  at 
once  to  treat  of  the  second  branch,  which,  to  distinguish  it  from  the  other, 
is  called  Organic  Elementary  Analysis. 

Organic  elementary  analysis,  as  I have  already  stated,  has  for  its  object 
the  determination  of  the  absolute  an(T  proportional  weight  of  the  individual 
elements  of  organic  compounds.  It  teaches  us  how  to  convert  these  ele- 
ments into  compounds  of  known  composition,  to  separate  the  new  com- 
pounds formed  from  one  another,  to  weigh  these,  and  to  calculate  from 
their  weight  the  quantities  of  the  separate  elements.  Organic  elemen- 
tary analysis,  therefore,  is  based  upon  the  same  principle  upon  which 
rest  most  of  the  methods  of  separating  and  determining  inorganic  com- 
pounds. 
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The  decomposition  of  most  organic  substances  into  distinctly  charac- 
terised  and  readily  separable  products  which  will  permit  an  accurate  de- 
termination  of  their  weight,  offers  no  great  difficulties,  and  organic  ele- 
mentary analysis  is  therefore  usually  one  of  the  more  easy  tasks  of  analy- 
tical  chemistry ; — and  as  the  limited  number  of  the  elements  which  con- 
stitute  organic  bodies  leads  to  a great  sameness  in  the  products  of  their 
decomposition,  the  analytical  process  is  alvvays  very  similar,  and  a few 
metliods  suffice  for  all  cases.  It  is  principally  ascribable  to  this  latter 
circumstance  that  organic  elementary  analysis  has  so  speedily  attained  its 
present  high  degree  of  perfection  : — the  constant  examination  and  im- 
provement  of  a few  methods  by  a great  number  of  chemists,  could  not  fail 
to  produce  this  result. 

Organic  elementary  analysis  may  have  for  its  object  either  simply  to 
ascertain  the  relative  proportion  of  the  constituent  elements  of  a substance 
— thus,  forinstance,  woods  are  analysed  to  ascertain  their  value  as  fuel,  fats 
to  ascertain  their  capacity  of  furnishing  light — or  to  determine  not  only 
the  relative  proportions  of  the  constituent  elementary  atoms,  but  likewise 
their  absolute  quantity,  that  is,  to  determine  the  exact  number  of  atoms 
of  carbon,  hydrogen,  oxygen,  &c.  &c.,  which  constitute  one  atom  of  the 
analysed  compound.  In  scientific  investigations  we  have  invariably  the 
latter  object  in  view,  although  we  are  not  yet  able  to  achieve  it  in  all 
cases.  These  two  distinct  objects  cannot  well  be  attained  by  one  and  the 
same  Operation ; each  requires  a different  and  distinct  process. 

The  methods  by  which  we  ascertain  the  relative  proportions  of  the  con- 
stituent  elements  of  organic  compounds,  may  be  called  collectivelv, 
“ organic  elementary  analysis ” in  a more  restricted  sense  ; whilst  the 
methods  which  reveal  to  us  the  absolute  number  of  elementary  atoms  con- 
stituting  the  complex  atom  of  the  analysed  compound,  may  be  styled 
“ determination  of  the  atomic  weight  of  organic  bodies 

The  success  of  an  elementary  analysis  depends  upon  two  conditions ; 
viz.,  1,  upon  the  selection  of  the  proper  method ; and  2,  upon  the  correct 
performance  of  the  necessary  operations  and  processes  : expertness  in  this 
branch  may  be  readily  acquired  by  any  one  endowed  with  some  patience, 
clearness  of  perception,  and  skill  in  Chemical  manipulation.  The  selection 
of  the  method  depends  upon  the  knowledge  of  the  constituents  of  the 
compound  under  examination,  and  the  method  selected  will  always  require 
certain  modifications,  according  to  the  different  properties  and  state  of 
aggregation  of  these  constituents.  Before  we  can  proceed,  therefore,  to 
describe  the  various  methods  applicable  in  the  different  cases  that  may 
occur,  wre  have  first  to  occupy  ourselves  here  with  the  means  of  ascertain - 
ing  the  constituent  elements  of  some  one  organic  substance. 
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I.  Qualitative  examination  of  organic  bodies. 

§ 140. 

It  is  not  necessary  for  the  correct  selection  of  the  proper  metliod,  to 
know  all  and  every  one  of  the  elements  of  an  organic  compound,  since  the 
presence  or  absence  of  some  of  them  — of  oxygen,  for  instance,  has  not 
the  slightest  modifying  influence  upon  the  manner  of  proceeding  with  the 
analysis.  But  with  regard  to  other  elements,  such  as  nitrogen,  sulphur, 
phosphorus,  chlorine,  iodine,  bromine,  &c.  &c.,  and  also  the  various 
metals,  it  is  absolutely  indispensable  that  the  operator  should  know  posi- 
tively  whether  either  of  them  is  present.  This  may  be  ascertained  in 
the  following  manner  : — 

1.  Testing  for  nitrogen. 

Substances  which  contain  a tolerably  large  amount  of  nitrogen,  exhale 
upon  combustion,  or  when  intensely  heated,  the  well-known  smell  of 
singed  hair  or  feathers.  No  further  test  is  required,  if  this  smell  is  dis- 
tinctly  perceptible  ; otherwise  the  following  experiments  are  resorted  to  : 

a.  The  substanee  under  examination  is  mixed  with  caustic  potassa  in 
powder,  or  with  soda-lime  (§  45,  4)  and  the  mixture  heated  in  a test- 
tube.  If  the  examined  substanee  contains  nitrogen,  ammonia  will  be 
evolved,  which  may  be  readily  detected  by  its  peculiar  odor,  by  its  re- 
action  upon  vegetable  colors,  and  by  the  formation  of  white  fumes  when 
it  is  brought  into  contact  with  volatile  acids.  Should  these  reactions  fail 
to  atford  positive  proof  of  the  presence  of  nitrogen,  every  doubt  may  be 
removed  by  the  following  experiment : — Heat  a somewhat  larger  portion 
of  the  substanee  in  a short  tube,  with  an  excess  of  soda-lime,  and  conduct 
the  products  of  the  combustion  into  dilute  hydrochloric  acid  ; evaporate 
the  acid  in  the  water-bath,  dissolve  the  residue  in  a little  water,  and  mix 
the  solution  with  bichloride  of  platinum  and  alcohol.  Should  no  precipi- 
tate  form,  even  after  the  lapse  of  some  time,  the  examined  substanee  may 
be  considered  free  from  nitrogen. 

b.  Lassaigne  has  recently  proposed  another  method,  which  is  based 
upon  the  property  of  potassium  to  form  cyanide  of  potassium  when  ignited 
with  a nitrogenous  organic  substanee.  The  following  is  the  best  mode  of 
perform  ing  the  experiment : 

Heat  the  substanee  under  examination  in  a test-tube,  with  a small  lump 
of  potassium,  and  after  the  complete  combustion  of  tbe  whole  of  the 
potassium,  treat  the  residue  with  a little  water  (captiously)  ; filter  the  so- 
lution, add  two  drops  of  solution  of  sulphate  ofprotoxide  ofiron  containing 
some  sesquioxide,  digest  the  mixture  slightly,  and  add  hydrochloric  acid 
in  excess.  The  formation  of  a blue  or  blueish-green  precipitate  or  colora- 
tion  proves  the  presence  of  nitrogen. 
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Both  methods  are  delicate  ; the  latter  admits  less  readily  of  a mistake 
than  the  former. 

c.  In  organic  substances  containing  oxides  of  nitrogen,  the  presence  of 
nitrogen  cannot  be  shovvn  by  either  a.  or  b.,  but  it  may  be  readily  detected 
from  the  red  acid  fumes  which  such  substances  evolve  when  heated  in  a 
tube. 

2.  Testing  for  sulphur. 

a.  Solid  substances  are  fused  with  about  1 2 parts  of  pure  hydrate  of  potassa, 
and  6 parts  of  nitrate  of  potassa ; or  they  are  intimately  mixed  with  some 
nitrate  of  potassa  and  carbonate  of  soda  ; nitrate  of  potassa  is  then  heated 
to  fusion  in  a porcelain  crucible,  and  the  mixture  gradually  added  to  the 
fusing  mass.  The  mass  is  allowed  to  cool,  then  dissolved  in  water,  and  the 
solution  tested  with  baryta,  after  previous  acidulation  with  liydrochloric 
acid. 

b.  Fluids  are  treated  with  fuming  nitric  acid,  or  with  a mixture  of  nitric 
acid  and  chlorate  of  potassa,  at  first  in  the  cold,  ultimately  with  applica- 
tion  of  heat ; the  solution  is  tested  as  in  a. 

c.  As  the  methods  a.  and  b.  serve  simply  to  indicate  the  presence  of  sul- 
phur in  a general  way,  but  afford  no  information  regarding  the  state  or 
form  in  which  that  element  may  be  present,  I add  here  another  method, 
which  serves  to  reveal  the  presence  of  that  sulphur  alone  which  is  contained 
in  the  non-oxidised  state  in  organic  Compounds. 

Boil  the  substance  with  strong  solution  of  potassa,  and  evaporate 
nearly  to  dryness.  Dissolve  the  residue  in  a little 
water,  pour  the  solution  into  the  flask  A (Fig.  54),  and 
slowly  add  dilute  sulphuric  acid  through  the  funnel-tube 
c ; if  sulphur  is  present,  the  slip  of  paper  b,  which  has 
beeil  thoroughly  moistened  with  solution  of  acetate  of 
lead,  and  then  touched  with  a few  drops  of  solution  of 
carbonate  of  ammonia,  will  turn  brown.  I need  hardly 
mention  that  the  cork  must  not  fit  air-tight  into  the 
mouth  of  A.  Instead  of  in  the  manner  described,  the  sul- 
pliide  of  potassium  formed  may  be  detected  also  by 
mcans  of  nitroprusside  of  sodium,  or  by  just  acidifying 
the  dilute  solution  with  liydrochloric  acid,  and  adding  a 
few  drops  of  a mixture  of  sesquichloride  of  iron,  and 
ferricyanide  of  potassium.  The  presence  of  the  smallest 
amount  of  sulphuretted  hydrogen  is  at  once  indicated  by  a blue  coloration 
of  the  fluid  {Löwenthal) . 

3.  Testing  for  phosphor us. 

The  methods  described  in  2,  a.  and  b.  may  likewise  serve  for  pliospho- 
rus.  The  Solutions  obtained  are  tested  for  phosphoric  acid  with  sulphate 
of  magnesia,  or  with  sesquichloride  of  iron  with  addition  of  acetate  of  soda, 


Fig.  54. 
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or  with  molybdate  of  ammonia  (Compare  Qualit.  Analysis).  In  metliod 
b.  the  greater  part  of  the  excess  of  nitric  acid  must  be  removed  by  evapo- 
ration. 

4.  Testing  for  inorganic  substances. 

A portion  of  the  substance  under  examination  is  heated  on  platinum  foil, 
to  see  whether  or  not  a residue  remains.  When  acting  upon  difficultly 
combustible  substances,  tlie  process  may  be  accelerated  by  heating  the 
spot  whicli  tlie  substance  under  examination  occupies  on  the  platinum 
foil,  to  the  most  intense  redness,  directing  the  flame  of  the  blow-pipe  upon 
the  corresponding  point  of  the  lower  surface  of  the  foil.  The  residue  is 
then  examined  by  the  usual  methods. 


These  preliminary  experiments  should  never  be  omitted,  since  neglect 
in  this  respect  may  give  rise  to  very  great  errors.  Thus,  for  instance, 
taurine,  a substance  in  which  a large  proportion  of  sulphur  was  after- 
wards  found  to  exist,  had  originally  the  formula  C4  NH,  010  assigned 
for  its  composition.  The  preliminary  examination  of  organic  substances 
for  chlorine,  bromine,  and  iodine,  is  generally  unnecessary,  as  these 
elements  do  not  occur  in  natural  organic  Compounds  ; and  as  tlieir  pre- 
sence  in  compounds  artificially  produced  by  the  action  of  the  salt-radicals, 
requires  generally  no  furtlier  proof.  Should  it,  however,  be  desirable  to 
ascertain  positively  whether  a substance  does  or  does  not  contain  chlorine, 
iodine,  or  bromine,  this  may  be  done  by  the  same  methods  which  wre  shall 
have  occasion  to  describe  in  the  quantitative  determination  of  organic  com- 
pounds. 

II.  Organic  elementary  analysis. 

It  is  not  my  intention  to  give  an  account  of  the  rise  and  progress  of  the 
Science  of  organic  elementary  analysis  ; I shall  therefore  confine  myself  to 
the  description  of  the  most  simple,  precise,  and  universally  applicable 
methods,  omitting  all  the  rest. 

The  accuracy  of  the  results  depends  both  upon  tlie  appropriate  con- 
struction  and  arrangement  of  the  apparatus  required  for  the  various  analy- 
tical  processes,  and  upon  the  proper  execution  of  these  processes.  I am 
anxious,  therefore,  to  impress  upon  the  Student  the  necessity  of  bestowing 
equal  attention  and  diligence  upon  both  ; the  rules  which  I have  laid  down 
are  the  fruits  of  long  experience  and  of  innumerable  experiments. 

A.  Analysis  of  compounds  which  consist  simply  of  carbon  and 

HYDROGEN,  OR  OF  CARBON  ; HYDROGEN,  AND  OXYGEN. 

§ 141. 

The  principle  of  the  metliod  which  serves  to  eflfect  the  quantitative 


ORGANIC  ELEMENTARY  ANALYSIS. 


355 


§ 142.] 


analysis  of  such  Compounds,  and  which  owes  its  present  perfection  to  Pro- 
fessor Liebig,  is  exceedingly  simple.  The  substance  under  examination  is 
burned,  and  is  thus  converted  into  carbonic  acid  and  water  ; these  pro- 
ducts  are  then  separated  from  each  other  and  weighed,  and  tlie  carbon  of 
the  analysed  substance  is  calculated  from  the  weight  of  the  carbonic  acid, 
the  hydrogen  from  that  of  the  water.  If  the  sum  of  the  calculated  weight 
of  the  carbon  and  hydrogen  is  equal  to  the  original  weight  of  the  substance, 
the  absence  of  oxygen  is  at  once  satisfactorily  proved  ; should  the  sum,  on 
the  other  hand,  be  less  than  the  original  weight  of  the  substance,  the 
difference  will  at  once  indicate  the  amount  of  oxygen  originally  present 
in  the  analysed  compound. 

The  combustion  is  effected  either  by  igniting  the  organic  substance  in 
conjunction  with  oxygenised  bodies  which  readily  yield  up  their  oxygen, 
(oxide  of  copper,  chromate  of  lead,  &c.  &c,)  ; or  directly,  by  means  of 
free  oxygen  gas  ; or,  finally,  at  the  expense  both  of  free  and  combined 
oxygen. 


a.  Solid  bodies.* 

a.  Readily  combustible,  non-volatile  substances.  {Ex.gr.  sugar,  starcli, 
tartaric  acid,  in  short,  most  solid  organic  substances.) 

1.  Liebig' s Method. 

I.  Apparatus  and  preparations  necessary  for  organic 

ELEMENTARY  ANALYSIS. 

§ 142. 

The  following  is  a complete  list  of  every  thing  requisite  for  the  perform- 
ance  of  an  organic  elementary  analysis  : 

1.  The  substance  intended  for  analysis. — This  must  be  most 
finely  pulverised,  and  perfectly  pure  and  dry ; — for  the  method  of  drying 
organic  substances,  I refer  to  § 15. 

2.  A tube  in  which  to  weigh  the  substance. — A small  perfectly 
dry  glass  tube,  about  4 or  5 centimeters  long,  and  about  1 
centimeter  wide,  is  used  for  this  purpose  ; the  weight  of  this 
tube  must  be  accurately  determined  to  witliin  a centigramme. 
It  is  advisable  to  put  the  tube  into  the  drying  apparatus  toge- 
ther  with  the  substance  intended  for  analysis.  On  the 
balance  the  tube  is  appropriately  placed  in  a little  foot  made  of 

Fig.  55.  tin. 

3.  The  combustion  tube. — A tube  of  difficultly  fusible  glass  (po- 

* For  the  analysis  of  fats,  waxy  bodies,  &c.,  which  cannot  be  reduced  to  powder,  I refer 
to  § 150. 
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tassa  glass),  about  2 millimeters  thick,  90  ceutimeters  in  lengtli,  and  from 
12  to  41  millimeters  inner  diameter,  is  softened  in  the  middle  before  a 
glassblower’s  lamp,  drawn  out  as  represented  in  Fig.  56,  and  finally  cut 


a 


Fig.  56. 


in  two  at  b.  The  fine  points  of  the  two  pieces  are  then  thickened  a little 
and  perfectly  closed  in  the  flame,  and  the  sharp  edges  of  the  open  ends  a 
and  c,  are  sliglitly  rounded  by  fusion,  care  being  taken  to  leave  the  aper- 
ture  perfectly  round  ; and  also  to  have  the  pointed  end  of  tlie  tube  shaped 
as  shown  in  Fig.  57,  and  not  as  in  Fig.  53. 


Fig.  58. 


Two  perfect  combustion  tubes  are  tbus  produced.  The  one  intended 
for  immediate  use,  is  cleaned  with  a linen  or  paper-wiper  attached  to  a 
piece  of  wire,  and  then  tboroughly  dried.  This  is  effected  either  by  laying 
the  tube,  with  a piece  of  paper  twisted  over  its  mouth,  for  some  time  on 
the  plate  of  a common  stove,  or  on  a sand-bath  ; or,  in  cases  where  it  is 
desirable  to  accomplish  the  end  in  view  in  a more  expeditious  manner,  by 
introducing  a small  glass  tube  into  it,  and  moving  it  backvvards  and  for- 
wards  over  the  flame  of  a spirit-lamp,  continually  removing  the  bot  air  by 
suction.  (Fig.  59.) 


Fig.  59. 

The  tube,  when  perfectly  dry,  is  closed  air-tight  with  a perfectly  dry 
cork,  and  kept  in  a warm  place  until  required  for  use. 

In  default  of  glass  tubes  possessed  of  the  proper  degree  of  infusibility,  a 
thin  sheet  of  copper  is  rolled  round  the  tube,  and  iron  wire  coiled  round  it. 


§ M2.J 


ORGANIC  ELEMENTARY  ANALYSIS. 


357 


Fig.  60. 


4.  A (Liebig’s)  i’otass-apparatus  (illustrated  by  Fig.  60),  which 

mav  be  readily  procured  from  any  maker  of 
Chemical  instruments,  or  glass-blower.  This 
apparatus  is  filled  to  the  extent  indicated 
in  tlie  engraving,  with  a clear  solution  of 
caustic  potassa  of  l-27  sp.  gr.,  and  whicli 
should  be  as  free  as  possible  from  carbonate  of' 
potassa  (§  45,  7).  The  introduction  of  the 
solntion  of  potassa  into  the  apparatus,  is 
effected  by  plunging  the  end  a (but  on  no 
account  the  other  end)  into  the  vessel  which 
contains  the  solution  of  potassa,  and  applying 
suction  to  b,  either  by  means  of  a perforated 
cork,  or,  and  this  is  the  safest  way,  with  the 
aid  of  a small  suction  tube  (Fig.  61).  The 
two  ends  are  then  wiped  perfectly  dry  with 
twisted  paper  slips,  and  the  outside  of  the 
apparatus  with  a clean  cloth. 

5.  The  Chloride  of  calcium  tube 
(Fig.  62)  may  also  be  purcliased.  This  tube 
is  prepared  for  use  in  the  following  manner  : — 
In  the  first  place,  the  aperture  a of  the  tube 
b a is  loosely  stopped  with  a small  cotton  plug,  reaching  about  one 

^ centimeter  into  the  tube  ; this 
is  effected  by  introducing  a very 
loose  cotton  plug  into  c,  and 
applying  a sudden  and  ener- 
getic  suction  at  b.  The  bulb  of  the  tube  is  then  filled  with  small  lumps  of 
Chloride  of  calcium  (§  45,  8,  b.),  and  the  tube  c d up  to  e with  smaller 
fragments,  intermixed  with  coarse  powder  of  the  same  substance  ; a loose 
cotton  plug  is  then  inserted,  and  the  tube  finally  closed  with  a perforated 
cork,  into  which  a small  glass  tube  is  fitted ; the  protruding  part  of  the 
cork  is  cut  off,  and  the  cut  surface  covered  over  with  sealing-wax ; the 
edge  of  the  little  tube  f g is  slightly  rounded  at  g by  fusion  (see 
Fig.  63). 


Fig.  62. 


Fig.  63. 

The  tube  illustrated  by  Fig.  64,  is  still  better  adapted  for  the  purpose 
— at  least  in  most  cases  (for  substances  containing  no  sulphur) — as  itscon- 
struction  enables  the  operator  to  test  after  the  experiment,  the  reaction. 
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&c.,  of  the  water  Condensed  in  the  empty  bulb  a.  It  affords  also  the  ad- 
vantage  tbat  it  may  be  mucli  more  frequently  used  without  requiring  a 
new  filling  than  a tube  not  provided  with  an  empty  bulb. 


Fig.  64. 

6.  A small  caoutchouc  tube. — This  is  made  in  the  following 
manner  : a piece  of  sbeet  india-rubber  is  slightly  warmed  over  the  flame  of 
a spirit-lamp,  stretched,  and  bent  round  a moistened  glass  rod ; the  super- 
fluous  portion  is  removed,  with  sharp  and  perfectly  clean  scissors,  at  one 
cut,  when  the  fresh  cut  edges  of  the  caoutchouc,  pressed  closely  together, 
will  completely  cohere,  provided  they  have  not  been  moistened  or  soiled 
by  contact  with  the  fingers.  Another  piece  of  india-rubber  is  then  stretched 
round  the  first  piece,  and  cut  in  the  same  manner,  taking  care  to  place  the 
cut  edges  of  the  inner  and  outer  tube  on  opposite  sides.  This  kind  of 
double  caoutchouc  tube  will  stand  the  wear  and  tear  of  fifty  or  more 
analyses.  It  is  carefully  drawn  off  the  glass  rod,  and  dried  at  a very 
gentle  heat  (the  temperature  of  the  water  bath  is  far  too  high  for  this 
purpose).  The  diameter  of  this  little  connecting  tube  must  be  sufficiently 
wide  to  permit  the  ready  introduction  of  the  end  a of  the  potassa  appara- 
tus,  and  of  the  end  f g of  the  chloride  of  calcium  tube.  (Fig.  63.) 

7.  Silk  cord. — A strong  twisted  silk  cord  is  selected  ; two  pieces 
about  ten  inches  long,  are  cut  off,  and  each  of  them  tied  into  a knot  at 
both  ends. 

N.  B. — The  introduction  of  vulcanised  india-rubber  tubes,  has  now 
relieved  the  analytical  chemist  from  the  necessity  of  making  his  own  caout- 
chouc tubes ; these  vulcanised  tubes  close  tiglit  round  the  glass,  without 
binding. 

8.  Cork  stoppers. — Soft  and  smooth  corks,  as  free  as  possible  from 
visible  pores,  are  best  adapted  for  the  purpose  ; a cork  should  be  selected 
which  fits  perfectly  tight,  and  screws  with  some  difficulty,  at  the  most,  to 
one-third  of  its  length,  into  the  mouth  of  the  combustion  tube  ; a perfectly 
smooth  and  round  hole,  of  the  same  diameter  as  the  end  b a of  the  chlo- 
ride of  calcium  tube,  is  then  carefully  made  tlirough  the  axis  of  the 
cork  by  means  of  a fine  round  file  ; into  this  Perforation  the  end  J a of 
the  chloride  of  calcium  tube  must  fit  perfectly  air-tight.  The  cork  is  then 
dried  in  the  water-bath.  It  is  advisable  always  to  have  two  corks  of  this 
description  ready. 

9.  Amortar  for  mixing. — Aporcelain  mortar,  of  greater  width  than 
depth,  should  be  selected  ; it  must  be  provided  with  a lip,  and  free  from  in- 
dentations  and  fissures,  and  should  not  be  glazed  inside.  Before  use  it  is 
waslied  with  water,  allowed  to  dry  in  a warm  place,  and  left  there  tili  required. 


§ 1-12.] 


ORGANIC  ELEMENTARY  ANALYSIS. 


359 


10.  A SUCTION  TUBE. — Fig.  65 
illustrates  the  most  appropriate  form 
of  a suction  tube. 

The  aperture  a is  closed  with  a 
perforated  cork,  into  which  the  tuhe 
b of  the  potass-apparatus  is  fitted. 

Fig.  65.  11.  A glass  tube  open  at  hoth 

ends,  ahout  60  centimeters  long,  and  of  sufficient  width  to  admit  heilig 
pushed  over  tlie  pointed  end  of  the  comhustion  tube  ; where  it  is  kept 
in  position  by  making  it  lean  against  a filtering  stand  (see  Fig.  26). 

12.  A sheet  of  glazed  paper,  with  cut  edges. 

13.  A Liebig’s  combustion  furnace  of  sheet  iron,  with  a single 
and  a double  screen.  This  has  the  form  of  a long  box  open  at  the  top 
and  behind.  Fig.  66,  represents  the  furnace  as  seen  from  the  top. 

It  is  from  50  to  60  centimeters 
long,  and  from  7 to  8 deep,  and  the 
bottom,  which  by  cutting  small  slits 
in  the  sheet  iron,  is  converted  into 
a grating,  has  a width  of  about  7 
Fig-  66.  centimeters.  The  side  walls  are  in- 

clined  slightly  outward,  so  that  at  the  top  they  stand  about  12  centi- 
meters apart.  The  furnace  is  provided  with  a series  of  upright  pieces  of 
strong  sheet  iron  of  the  form  shown  in  the  cut  (D),  and  which  are  fastened 
upon  the  bottom  of  the  furnace,  at  intervals  of  about  5 centimeters.  These 
pieces  serve  to  support  the  combustion  tube.  They  must  be  of  exactly 
corresponding  height,  with  the  round  aperture  in  the  front  piece  of  the 
furnace  (Fig.  67,  A). 
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Fig.  67.  Fig.  68. 

This  aperture  must  be  sufficiently  large  to  admit  the  combustion  tube 
easilv.  Of  tbe  two  screens,  the  one  has  the  form  shown  in  Fig.  68,  the 
other  that  shown  in  Fig.  67,  A,  with  the  border  turned  down  at  the  upper 
edge.  The  openings  cut  into  the  screens  must  be  sufficiently  large  to 
receive  the  combustion  tube  witbout  difficulty.  The  furnace  is  placed 
upon  flat  bricks  resting  upon  wood,  and  is  slightly  raised  at  the  farther 
end,  by  inserting  a piece  of  wood  between  the  supports  (see  Fig.  71). 
The  apertures  of  the  grating  at  the  anterior  end  of  the  furnace  must  not 
be  blocked  up  by  tbe  supporting  brick.  In  cases  where  the  combustion 
tubes  are  of  a good  quality,  the  furnace  may  be  raised  more  advantageously 
by  introducing  a little  iron  rod  or  a piece  of  a tile  between  the  furnace 
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and  the  supporting  brick ; this  arrangement  will  give  the  air  free  access  to 
all  the  holes  of  the  grating ; or  the  furnace  may  also  be  directly  placed 
upon  a tripod,  and  which,  in  fact,  is  now  the  usual  way.  Placing  the  tube  in 
a gutter  of  very  thin  sheet  iron  tends  greatly  to  preserve  it. 

14.  Oxide  of  copper. — A hessian  crucible,  capable  of  holding  about 
three  ounces  of  water,  is  nearly  filled  with  oxide  of  copper  prepared  ac- 
cording  to  § 45,  1 ; the  crucible  is  covered  with  a properly  fitting  lid,  and 
lieated  to  dull  redness  ; it  is  then  allowed  to  cool  so  that,  by  the  time 
the  oxide  of  copper  is  required  for  use,  the  hand  can  only  just  bear  con- 
tact  with  it. 

15.  An  exhausting  syringe,  with  Chloride  of  calcium  tube. 
— See  Fig.  70.  For  the  manner  of  performing  an  organic  elementary 
analysis  with  out  the  aid  of  this  apparatus,  I refer  to  § 144. 

16.  IIot  sand. — The  temperature  of  this  should  exceed  212°,  but 
must  not  be  sufficiently  high  to  singe  paper. 

17.  A wooden  trough  for  the  sand. — See  Fig.  70. 

II.  Performance  of  the  analytical  process. 

§ 143. 

a.  Weigh  first  the  potass-apparatus,  then  the  chloride  of  calcium  tube. 
Put  from  0-350  to  O’öOO  grm.  (more  or  less  according  as  the  substance 
under  examination  is  rieh  or  poor  in  oxygen)  into  the  little  tube*  (I.  2), 
which  must  be  no  longer  warm,  and  weigh  the  latter  accurately  with  its 
contents.  The  weight  of  the  empty  tube  being  known,  it  is  easy  to  judge 
of  the  right  quautity  of  substance  required  for  the  analysis.  The  tube 
is  then  closed  with  a smooth  cork,  covered  on  the  bottom  and  sides  with 
tin  foil. 

b.  Spread  the  sheet  of  glazed  paper  (I.  12)  upon  a clean  table,  and 
place  the  still  moderately  warm  mortar  (I.  9)  on  it.  Rinse  both  the 
mortar  and  the  still  warm  combustion  tube  with  a little  of  the  hot  oxide 
of  copper  ;f  then  fill  the  combustion  tube  up  to  b.  (see  Fig.  69)  with 


oxide  of  copper,  either  using  the  tube  itself  by  way  of  a ladle  to  take  up 
the  oxide  with,  or  transferring  the  latter  from  the  crucible  to  the  tube  by 

♦ Care  must  be  taken  that  no  substance  adheres  to  the  sides  of  the  tube,  at  least  not  at 
the  top. 

f The  oxide  which  has  served  for  this  purpose  is  put  by. 
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the  aid  of  a small  warm  fimnel  and  a teaspoon  of  German  silver.  Transfer  a 
portion  of  the  oxide  of  eopper  from  the  tube  to  the  mortar,  add  the  sub- 
stance  intended  for  analysis  from  the  small  tube  in  which  it  has  been 
weighed,  taking  care  to  shake  out,  as  far  as  practicable,  the  last  adhering 
traces  of  the  substance  ; put  by  the  empty  tube  in  a safe  place,  as  you 
will  have  to  re-weigh  it.  Mix  the  substance  and  the  oxide  in  the  mortar 
most  intimately  together,  taking  care  to  avoid  a too  energetic  pressure  upon 
the  pestle  ; add  to  the  mixture  nearly  all  the  oxide  of  eopper  still  in  the 
tube,  leaving  only  a layer  of  about  three  or  four  centimeters  in  the  latter  ; 
and  mix  the  whole  most  intimately  together.  Take  the  pestle  out  of 
the  mortar,  shaking  off  as  clean  as  possible  the  minute  particles  of  the 
mixture  adhering  to  it ; transfer  the  greatest  part  of  the  contents  of  the 
mortar  to  the  tube,  by  making  use  of  the  latter  itself  by  way  of  a 
ladle  to  take  up  the  mixture  with  ; place  the  rest  of  the  mixture  on  a 
smooth  card,  and  pass  it  into  the  tube  ; rinse  the  mortar  with  a little 
more  oxide  of  eopper  from  the  crucible,  and  put  this  also  into  the  tube, 
which  will  now  be  full  to  about  the  point  a ; fill  up  to  within  three  or 
four  centimeters  from  the  mouth  with  pure  oxide  of  eopper  from  the  cru- 
cible, and  close  the  tube  temporarily  with  a dry  cork.  The  reason  why  the 
Operation  of  filling  the  tube  is  conducted  over  the  sheet  of  glazed  paper 


Fig.  70. 
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is  that,  sliould  any  of  the  mixture  be  spilled,  tliis  may  be  readily  re- 
covered.* 

c.  A few  gentle  taps  on  the  table  suffice  generally  to  shake  together  the 
contents  of  the  tube,  so  a§  to  clear  the  pointed  end  perfectly  from  oxide  of 
copper,  and  leave  afree  passage  above  the  mixture,  from  end  to  end,  as  shown 
by  the  shading  in  the  figure.  Sheuld  a few  gentle  taps  not  suffice  to  effect 
this,  as  will  sometimes  happen,  owing  to  malformation  of  the  beak,  the 
object  in  view  may  be  attained  by  striking  the  mouth  of  the  tube  several 
times  against  the  side  of  a table,  the  tube  being  all  the  while  held  in  an 
horizontal  position.  Place  the  tube  now  into  the  wooden  trough  D,  (Fig. 
70),  connect  it  by  means  of  a cork  with  the  chloride  of  calcium  tube  B, 
and  the  latter  again  with  an  exhausting  syringe.  Surround  the  combus- 
tion  tube  in  its  whole  length  with  the  hot  sand  (I.  16),  and  pump  out  the 
air  slowly  (quick  and  incautious  pumping  might  cause  a portion  of  the 
mixture  to  pass  into  the  chloride  of  calcium  tube).  Open  the  stopcock  a to 
admit  a fresh  supply  of  air,  which  is  completely  dried  in  its  passage  through 
the  chloride  of  calcium  tube  ; exhaust  again,  re-admit  fresh  air,  and  repeat 
this  process  of  alternate  exhaustion  and  re-admission  of  air  ten  or  twelve 
times,  which  will  ensure  the  perfect  removal  of  the  moisture  which  the 
oxide  of  copper  may  have  absorbed  during  the  Operation  of  mixing. 

d.  Connect  the  end  b of  the  weighed  chloride  of  calcium  tube  (I.  5) 
with  the  combustion  tube  by  means  of  the  perforated  and  dried  cork 
(I.  8)  ; place  the  combustion  tube  in  the  furnace,  resting  upon  its  Sup- 
ports, with  a slight  inclination  forward,  and  connect  the  end  ß.  of  the 
chloride  of  calcium  tube  by  means  of  a vulcanised  india-rubber  tube  or  of 
a little  caoutchouc  tube  (I.  6),  with  the  end  m of  the  potass-apparatus  ; 
if  you  use  a caoutchouc  tube,  you  must  secure  it  on  both  sides  with  silk 
cord  (I.  7),  taking  care  to  press  the  balls  of  the  two  thumbs  close  toge- 
ther whilst  tightening  the  cords,  since  otherwise,  should  one  of  the  cords 
happen  to  give  way,  the  whole  apparatus  might  be  broken  ; rest  the  po- 
tass-apparatus upon  a folded  piece  of  clotli.  Fig.  71  illustrates  the 
whole  arrangement. 


Fig.  71. 


* In  Mulder* s laboratory  I saw  the  Operation  of  filling  performed  in  a different  but  cer- 
tainly  very  easy  and  expeditious  way.  The  combustion  tube  was  placed  upright  in  a retort 
holder,  and  the  mixture,  which  had  been  made  in  a small  copper  triturating  dish,  filled  in 
through  a smooth,  warm  copper  funnel. 
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e.  To  ascertain  whether  the  joinings  of  the  apparatus  fit  air-tight,  put 
a piece  of  wood  of  the  size  of  a finger  ( s ),  or  a cork  or  other  body  of  the 
kind,  under  the  bulb  r of  the  potass-apparatus,  so  as  to  raise  that  bulb 
slightly  (see  Fig.  71)-  Heat  the  bulb  m,  by  boiding  red-bot  charcoal  near 
it,  until  a certain  portion  of  air  is  expelled  through  the  apparatus  ; then 
remove  the  piece  of  wood  (s),  and  allow  the  bulb  m,  to  cool.  The  solution 
of  potassa  will  now  rise  into  the  bulb  m and  fill  it  more  or  less  ; if  the  liquid 
in  m preserves,  for  the  space  of  a few  minutes,  the  same  level  which  it 
has  assumed  after  the  perfect  cooling  of  the  bulb,  the  joinings  may  he 
considered  perfect ; should  the  fluid,  on  the  other  band,  gradually  regain 
its  original  level  in  both  limbs  of  the  apparatus,  tliis  is  a positive  proof 
that  the  joinings  are  not  air-tight.  The  few  minutes  which  elapse  between 
the  two  observations  you  may  advantageously  employ  in  re-weigbing  the 
little  tube  in  which  the  substance  intended  for  analysis  was  originally 
weighed. 

f.  Arrange  the  position  of  the  combustion  tube  in  the  furnace,  in  a manner 
to  make  the  tube  project  a full  inch  beyond  the  latter ; suspend  the  single 
screen  over  the  exterior  border  of  the  furnace,  as  a protection  to  the 
cork ; put  the  double  screen  over  the  combustion  tube  about  two  inches 
farther  on  (see  Fig.  71),  replace  the  little  piece  of  wood  (5)  under  r,,and 
put  small  pieces  of  red-bot  charcoal  first  under  that  portion  of  the  tube  which 
is  separated  by  the  screen  ; surround  this  portion  gradually  altogether  with 
ignited  charcoal,  and  let  it  get  red  hot ; then  shift  the  screen  an  inch  further 
back,  surround  the  newly  exposed  portion  of  the  tube  also  with  ignited  char- 
coal, and  let  it  get  red  hot ; shift  the  screen  another  inch  farther  back, 
surround  with  ignited  charcoal,  and  proceed  in  this  manner  slowly  and 
gradually  extending  the  application  of  heat  to  the  pointed  end  of  the  tube, 
taking  care  to  wait  always  until  the  last  exposed  portion  is  red  hot,  before 
shifting  the  screen,  and  also  to  maintain  the  whole  of  the  exposed  portion 
of  the  tube  before  the  screen  in  a state  of  ignition,  and  the  projecting  part 
of  it  so  hot  that  the  fingers  can  hardly  bear  the  shortest  contact  with  it. 
The  whole  process  requires  generally  from  three-quarters  to  one  hour.  It 
is  quite  superfluous,  and  even  injudiciousj  to  keep  011  fanning  the  charcoal 
during  the  Operation  ; — this  should  be  done  only  when  the  process  is  draw- 
ing  to  an  end,  as  we  shall  immediately  have  occasion  to  see. 

The  liquid  in  the  potass-apparatus  is  gradually  displaced  from  the  bulb 
m upon  the  application  of  heat  to  the  anterior  portions  of  the  combustion 
tube,  owing  simply  to  the  expansion  of  the  heated  air.  When  the  heat 
reaches  that  portion  of  oxide  of  copper  which  has  been  used  to  rinse  the 
mortar,  a little  carbonic  acid  and  aqueous  vapor  begin  to  be  evolved, 
which  drive  the  whole  of  the  air  in  the  apparatus  before  them,  and  force 
it  in  large  bubbles  through  the  potass-apparatus.  The  evolution  of  car- 
bonic  acid  and  aqueous  vapor  proceeds  with  grcater  «briskness  when 
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Fig.  72. 


the  lieat  begins  to  reach  the  actual  mixture ; the  first  bubbles  are  only 
partly  absorbed  in  the  potassa  apparatus,  as  the  carbonic  acid  contains 
still  an  admixture  of  air ; but  those  which  follow  are  so  completely  ab- 
sorbed by  the  potassa,  tliat  a solitary  air-bubble  only  escapes  from  time  to 
time  through  the  liquid.  The  process  should  be  conducted  in  a manner 
to  make  the  gas-bubbles  follow  each  other  at  intervals  of  from  half  to  one 
second.  Fig.  72  shows  the  usual  level  of  the  solution  of  potassa,  during 
the  Operation. 

It  will  be  seen  from  this  tliat  an  air- 
bubble  entering  at  a passes  first  into 
the  bulb  b,  thence  to  c,  from  c to  d , and 
passing  over  the  solution  in  the  latter, 
escapes  finally  into  the  bulb  /,  through 
the  fluid  which  just  covers  the  mouth  of 
the  tube  e. 

g.  When  the  tube  is  in  its  whole 
length  surrounded  with  red  hot  charcoal, 
and  the  evolution  of  gas  has  relaxed,  fan 
the  burning  charcoal  gently  with  a piece 
of  pasteboard.  When  the  evolution  of  gas  has  entirely  ceased  adjust  the 
Position  of  the  potass-apparatus  to  a level,  remove  the  charcoal  from 
the  farther  end  of  the  tube,  and  place  the  screen  before  the  point.  The 
ensuing  refrigeration  of  the  tube  on  the  one  hand,  and  the  absorption  of 
the  carbonic  acid  in  the  potass-apparatus  on  the  other,  cause  the  solu- 
tion of  potassa  in  the  latter  to  recede,  slowly  at  first,  but  with  increased 
rapidity  from  the  moment  the  liquid  reaches  the  bulb  m.  If  you  have 
taken  care  to  adjust  the  position  of  the  potass-apparatus  correctly,  you 
need  not  fear  that  the  contents  of  the  latter  will  recede  to  the  chloride  of 
calcium  tube.  When  the  bulb  m is  about  half  filled  with  solution  of 
potassa  break  off  the  point  of  the  combustion  tube  with  a pair  of  pliers 
or  scissors,  whereupon  the  fluid  in  the  potass-apparatus  will  immediately 
resume  its  level.  Restore  the  potass-apparatus  now  again  to  its 
original  oblique  position,  invert  the  glass  tube  described  § 142,  11,  over 
the  pointed  end,  leaning  it  against  the  arm  of  a filtering  stand ; join  the 
suction  tube  (§  142,  10)  to  the  potass-apparatus,  and  apply  suction  until 
the  last  bubbles  no  longer  diminish  in  size  in  passing  through  the  latter. 

The  analysis  is  now  concludcd.  Disconnect  the  potass-apparatus  and 
remove  the  chloride  of  calcium  tube,  together  with  the  cork,  which  must 
not  be  charred,  from  the  combustion  tube ; remove  the  cork  also  from  the 
chloride  of  calcium  tube,  and  place  the  latter  upright,  with  the  bulb  up- 
wards.  After  the  lapse  of  half  an  hour  weigh  the  potass-apparatus  and 
the  chloride  of  calcium  tube,  and  then  calculate  the  results  obtained. 
They  are  generally  very  satisfactory ; — as  regards  the  carbon,  tliey  are 
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nearly  absolutely  accurate,  rather  somewhat  too  low  (about  0#1  per  Cent) 
than  too  bigh.  The  method,  indeed,  is  not  altogether  free  from  sources 
of  error  ; but  none  of  them  interfere  materially  with  the  accuracy  of  the 
results,  and  the  deficiency  arising  from  the  one  is  partially  balanced  by 
the  excess  arising  from  the  other.  In  the  first  place,  the  air  which  passes 
through  the  solution  of  potassa  during  the  combustion,  and  finally  during 
the  process  of  suction,  carries  with  it  a minute  amount  of  moisture.  The 
loss  arising  from  this  cause  is  increased  if  the  evolution  of  gas  proceeds 
very  briskly,  since  this  tends  to  heat  the  solution  of  potassa ; and  also  if 
nitrogen  gas  or  oxygen  gas  pass  through  the  potass-apparatus  (compare  § 
147  and  § 151)  ; — this  may  be  remedied,  however,  by  fixing  to  the  exit  end  of 
the  latter  a weighed  tube  with  solid  liydrate  of  potassa  or  with  chloride  of 
calcium.  In  the  second  place,  traces  of  carbonic  acid  from  the  atmosphere 
are  carried  into  the  potass-apparatus,  in  the  final  process  of  suction  ; this 
may  be  remedied  by  connecting  the  pointed  end  of  the  combustion  tube 
with  a potassa  tube  by  means  of  a perforated  cork.  In  the  third  place,  it 
happens  frequently,  in  the  analysis  of  slibstances  containing  a considerable 
proportion  of  water  or  of  hydrogen,  that  the  carbonic  acid  is  not  absolutely 
dried  in  passing  through  the  chloride  of  calcium  tube ; this  also  may  be 
remedied  by  fixing  behind  the  chloride  of  calcium  tube  a tube  filled  with 
asbestos  moistened  with  sulphuric  acid. 

As  regards  the  hydrogen,  the  results  are  somewhat  too  high,  on  an 
average  about  0’1  to  0*15  per  cent;  this  arises  principally  from  the  cir- 
cumstance  that  the  air  passing  through  the  apparatus  during  the  final 
process  of  suction,  conveys  a little  moisture  into  the  chloride  of  calcium 
tube  ; but  this  may  be  readily  remedied  by  connecting  the  pointed  end  of  the 
combustion  tube  with  a potassa  tube. 

I must,  however,  expressly  remark  that,  in  most  cases,  it  is  perfectly 
superfluous  to  make  the  Operation  more  complicated  for  the  purpose  simply 
of  correcting  these  defects,  more  particularly  as  we  know  from  innume- 
rable  experiments  the  exact  limits  of  the  influence  which  thev  mav  exercise 
upon  the  accuracy  of  the  results. 


2.  Bumen’ s modification  of  Liebiy's  metliod  {Kolbe,  “ Handwörter- 
buch der  Chemie,”  Supplemente,  1 86). 

§ 144. 

The  essential  points  of  this  modification  are,  that  the  oxide  of  copper  is 
allowed  to  cool  in  a closed  tube,  and  that  instead  of  being  mixed  with  the 
substance  in  a triturating  dish,  it  is  transferred  at  once  to  the  combustion 
tube,  and  the  Operation  of  mixing  effected  in  the  latter  ; by  which  means 
the  absorption  of  moisture  from  the  air  is  effectually  guardcd  against,  and 
the  application  of  the  exhausting  syringe  dispensed  with. 
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The  dried  substance  is  weighed  in  a tube  of  thin  glass,  about  20 
centimeters  long,  and  of  about  7 centimeters  inner  diameter  ; one  end  of 
this  tube  is  closed  by  fusion,  the  other,  during  the  Operation  of  weighing, 
with  a small  smooth  cork. 

Besides  this  weighing  tube,  Bimsen’ s method  requires,  like  Liebig’s,  a 
combustion  tube,  potass-apparatus,  chloride  of  calcium  tube,  connecting 
tube  of  vulcanised  india-rubber,  perforated  cork,  suction  tube,  furnace,  and 
oxide  of  copper  (see  § 142)  ; and  in  addition  to  these,  a so-called  filling- 
tube,  to  let  the  freshly  ignited  oxide  of  copper  cool  in,  and  to  transfer  it  to 
the  combustion  tube,  secure  from  the  possible  absorption  of  moisture  from 
the  air.  A glass  tube,  45  centimeters  long,  and  from  25  to  3 centimeters 
wide,  closed  by  fusion  at  one  end,  and  drawn  out  at  the  other  to  the  extent 
that  the  opening  is  reduced  to  1 centimeter,  is  used  for  this  purpose  (see 
Fig.  73). 


Fig.  73. 

With  this  tube  carefully  cleaned  and  dried  inside,  the  freshly  ignited  still 
hot  oxide  of  copper  is  taken  up  direct  from  the  crucible,  by  laying  hold  of 
the  tube  at  the  lower  end  with  one  hand,  with  a piece  of  cloth,  and 
plunging  the  open  end  repeatedly  into  the  oxide  with  a rapid  turning 
motion,  holding  the  crucible  with  the  other  hand,  with  the  aid  of  a pair 
of  pincers,  in  an  inclined,  almost  horizontal,  position.  When  the  tube 
is  nearly  full  it  is  closed  with  a small  smooth  cork.  It  saves  time  to  fill 
in  at  once  a sufficient  quantity  of  oxide  to  last  for  several  analyses.  if 
the  cork  fits  tight,  the  contents  will  remain  several  days  fit  for  use,  even 
though  a portion  has  been  taken  out,  and  the  tube  repeatedly  opened. 

The  filling  of  the  combustion  tube  is  effected  as  follows  : the  perfectly 
dry  tube  is  rinsed  with  some  oxide  of  copper ; the  pointed  end  of  the 
filling  tube  is  inserted  into  the  mouth  of  the  combustion  tube,  and  the  two 
tubes  so  united  are  inverted  and  repeatedly  moved  up  and  down,  until  a 
layer  offrom  7 to  10  centimeters  long  of  oxide  of  copper  is  transferred  to 
the  closed  end  of  the  combustion  tube  ; care  must  be  taken  in  this  mani- 
pulation  to  hold  the  filling  tube  throughout  in  a straight  line  with  the 
combustion  tube,  as  the  point  of  the  former  is  liable  to  break  off  if  this 
precaution  is  neglected. 

The  tube  with  the  substance  intended  for  analysis  has  been  accurately 
weighed  slrortly  before,  together  with  the  cork.  After  removing  the  cork 
cautiously  to  prevent  the  slightest  loss  of  substance,  the  open  end  of  the 
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tube  is  inserted  as  deep  as  possible  into  the  combustion  tube,  and  the  re- 
quisite  quantity  of  substance  poured  from  it,  by  giving  it  a few  turns, 
pressing  it  all  the  while  gently  against  the  upper  side  of  the  combustion 
tube,  to  prevent  its  coming  into  contact  witli  the  powder  already  poured 
out ; the  combustion  tube  is  kept,  in  this  manipulation,  inclined  a little 
downwards  (see  Fig.  74). 


When  a sulficient  quantity  of  the  substance  intended  for  analysis 
has  been  thus  transferred  from  the  weighing  to  the  combustion  tube,  the 
latter  is  again  brought  into  a position,  which  gives  to  the  former  a gentle 
inclination  with  the  closed  end  downwards.  If  the  little  tube  is  now 
slowly  withdrawn,  with  a few  turns,  the  powder  near  the  border 
of  the  opening  falls  back  into  it,  leaving  the  opening  free  for  the  cork. 
The  moment  it  is  withdrawn  it  is  corked  and  weighed,  the  combus- 
tion tube  also  being  meanwhile  kept  closed  with  a cork.  The  difference 
between  the  two  weighings  shows  the  quantity  of  substance  transferred 
from  the  weighing  to  the  combustion  tube.  The  latter  is  then  again 
opened,  and  a quantity  of  oxide  of  copper,  equal  to  the  first,  trans- 
ferred to  it  from  the  filling  tube,  taking  care  to  rinse  down  with  this  also 
the  particles  of  the  substance  still  adhering  to  the  sides  of  the  tube.  There 
are  now  in  the  liind  part  of  the  tube  two  layers  of  oxide  of  copper,  each 
about  ten  centimeters  long,  and  with  the  substance  intended  for  analysis 
between  them. 

The  next  Operation  is  the  mixing  ; this  is  performed  with  the  aid  of  a 
long  clean  iron  wire,  with  a ring  for  a handle  at  one  end,  and  pointed  and 
twisted  corkscrew  fashion  (with  one  twist  only)  at  the  other  (see  Fig.  75). 

^ Q 

Fig  75. 

The  wire  is  pushed  down  to  the  end,  and  rapidly  moved  about  in  all 
directions  in  the  pulverulent  mass.  A few  minutes  suffice  to  achieve  per- 
fect intermixture,  so  perfect  indeed,  in  the  case  of  pulverulent  substances 
which  do  not  cake,  that  the  minutest  particles  cannot  be  distinguished 
with  the  naked  eye.  The  combustion  is  effected  as  in  § 143. 
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ß.  Difficultly  combustible,  non-volatile  substances,  as,for  instance,  many 
resinous  and  exlractive  matters,  coal,  fyc. 

If  substances  of  the  kind  are  analysed  by  the  methods  given  in  §§  143 
and  144,  minute  particles  of  carbon  are  liable  to  escape  combustion.  To 
prevent  tliis,  one  of  the  following  methods  is  resorted  to. 

1.  Combustion  with  chromate  of  lead. 

§ 145. 

Of  the  apparatus,  &c.,  enumerated  in  § 142,  only  those  marked  from 
1 to  13  are  required,  and  in  addition  to  these  some  chromate  of  lead 
(§  45,  2).  A narrow  combustion  tube  may  be  selected,  as  chromate  of 
lead  contains  a much  larger  amount  of  available  oxygen  in  an  equal  volume 
than  oxide  of  copper.  A quantity  of  the  chromate  more  than  sufficient  to 
fill  the  combustion  tube  is  heated  in  a platinum  or  porcelain  dish  over  a 
lamp,  until  it  begins  to  turn  brown ; before  filling  it  into  the  tube, 
it  is  allowed  to  cool  down  to  212°,  and  even  lower.  The  process  is  con- 
ducted  as  the  one  described  in  § 143,  with  the  single  difiference  that  the 
application  of  the  exhausting  syringe  is  omitted,  as  chromate  of  lead  is  not 
hygroscopic  like  oxide  of  copper. 

One  of  the  principal  advantages  which  chromate  of  lead  has  over 
oxide  of  copper  as  an  oxidising  agent,  being  its  property  of  fusing  at  an  in- 
tense  heat,  the  temperature  must,  in  the  last  stage  of  the  process  of  combus- 
tion, be  raised  (by  fanning  the  charcoal,  &c.)  sufficiently  high  to  fuse  the 
contents  of  the  tube  completely  as  far  as  the  layer  of  the  substance  extends. 
To  heat  the  anterior  end  of  the  tube  to  the  same  degree  of  intensity,  would  be 
injudicious,  since  the  chromate  of  lead  in  that  part  would  thereby  lose  all 
porosity,  and  thus  also  the  power  of  effecting  the  combustion  of  the  products 
of  decomposition  which  may  liave  escaped  oxidation  in  the  other  parts  of  the 
tube.  As  the  chromate  of  lead,  even  in  powder,  is,  on  account  of  its  heaviness, 
by  no  means  all  that  could  be  desired  in  this  latter  respect,  it  is  preferable  to 
fill  the  anterior  part  of  the  tube,  instead  of  with  chromate  of  lead,  with 
coarsely  pulverised  oxide  of  copper  deprived  of  its  hygroscopic  properties 
by  very  intense  ignition ; or  with  copper  turnings  which  have  been  super- 
ficially  oxidised  by  ignition  in  a crucible,  with  access  of  air. 

In  the  case  of  very  difficultly  combustible  substances  it  is  desirable  that 
the  mass  should  not  alone  readily  cake,  but  also,  in  the  last  stage  of  the 
process  give  out  a little  more  oxygen  than  is  given  out  by  chromate  of 
lead.  It  is,  therefore,  advisable  in  such  cases  to  add  to  the  latter  one- 
tenth  of  its  weight  of  bichromate  of  potassa  in  powder  (pulverised  after 
previous  fusion).  With  the  aid  of  this  addition,  complete  oxidation  of 
even  very  difficultly  combustible  bodies  may  be  effected.  ( Liehiy .) 


§ MG.] 


ORGANIC  ELEMENTARY  ANALYSIS. 


369 


2.  COMBUSTION  WITH  OXIDE  OF  COPPER  AND  CHLORATE  OR  PER- 
CHLORATE OF  POTASSA. 

§ MG. 

Tliis  method  requires  the  vvhole  of  the  apparatus,  &c.,  enumerated 
in  § M2  or  § M4,  and  in  addition  a small  quantity  of  chlorate  of 
potassa.  The  latter  substance  is  freed  from  water  by  heating  it  to  the 
point  of  fusion,  allowing  it  to  cool,  and  then  reducing  it  to  coarse  powder, 
which  is  kept  in  a wann  place  until  required  for  use. 

The  process  is  conducted  as  in  § 143  or  § 144,  with  this  difference  that 
the  layer  of  oxide  of  copper  in  the  posterior  end  of  the  tube  is  made 
about  5 centimeters  long,  instead  of  3 or  4,  and  is  mixed  with  about  one- 
eighth  (from  3 to  4 grms.)  of  chlorate  of  potassa  ; a layer  of  2 centi- 
meters of  pure  oxide  of  copper  is  placed  between  this  mixture,  and  that 
which  contains  the  substance  to  be  analysed.  Wlien  in  the  subsequent 
heating  of  the  tube,  you  approach  the  part  occupied  by  the  mixture  con- 
tainingthe  chlorate  of  potassa,  do  notfail  to  place  the  hot  charcoal  with  the 
greatest  caution,  so  as  to  ensure  the  very  gradual  decomposition  of  the 
chlorate ; since,  if  you  neglect  this  precaution,  the  impetuous  rush  of  the 
gas  will  eject  a small  portion  of  the  solution  of  potassa,  thus  vitiating  the 
analysis  altogether. 

The  oxygen  liberated  from  the  chlorate  of  potassa  drives  the  carbonic 
acid  which  fills  the  tube  before  it,  effects  the  combustion  of  the  uncon- 
sumed  particles  of  carbon,  and  oxidises  the  reduced  copper.  Oxygen  gas 
can  therefore  escape  tlirough  the  potass-apparatus  only  when  all  that  is 
oxidisable  in  the  tube  has  been  oxidised. 

If  in  the  last  stage  of  the  process  of  combustion,  a large  quantity  of  gas  has 
in  this  way  passed  unabsorbed  through  the  potass-apparatus,  it  is  un- 
necessary  to  break  off  the  point,  and  draw  air  through  the  combustion 
tube,  as  the  latter  contains  now  only  oxygen,  but  no  carbonic  acid  nor 
aqucous  vapour.  But  through  the  chloride  of  calcium  tube  and  the  potass- 
apparatus,  air*  must  be  drawn,  as  tliey  would  otherwise  be  wreighed 
fdled  with  oxygen. 

Chlorate  of  potassa  decomposes  with  a certain  degree  of  violence  which 
does  not  occur  in  the  decomposition  of  perchlorate  of  potassa.  The 
latter,  prepared  by  heating  the  former,  may  therefore  be  used  instead  of 
it,  in  the  process  of  combustion,  as  Bunsen  has  proposed.  The  fused  and 
still  hot  perchlorate  is  introduced  into  the  farther  end  of  the  tube,  a 
loose  plug  of  recently  ignited  asbestos  is  inserted,  and  the  tube  then 

* Air  dried  and  freed  from  carbonic  acid  answers  the  purpose  best. 
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filled  in  the  usual  way.  If  Bumsen' s mode  of  mixing  (§  144)  is  adopted, 
the  percldorate  must  always  be  used  in  this  method  instead  of  thechlorate 
of  potassa. 

As  the  dry  oxygen  gas  passing  througli  the  potass-apparatus  carries 
away  a little  aqueous  vapor  from  the  solution  of  potassa,  it  is  advisable  to 
connect  the  exit  tube  of  the  apparatus  by  a cork,  or  a tube  of  vulcanised 
india-ruhber,  with  a small  tube  filled  with  bydrate  of  potassa,  which  is 
afterwards  weigbed  togetber  with  the  potass-apparatus ; the  increase  of 
weiglit  of  the  two  is  equal  to  the  quantity  of  the  carbonic  acid  absorbed. 

3.  COMBUSTION  WITH  OXIDE  OF  COPPER  AND  OXYGEN  GAS. 

§ 147. 

Many  chemists  deviate,  in  the  analysis  of  organic  bodies,  from 
the  methods  described  in  the  preceding  paragraphs,  and  effect  the 
combustion  with  oxide  of  copper  and  oxygen  gas,  supplied  by  a gasome- 
ter.  Hess,  Dumas  and  Stass,  Erdmann  and  Marchand,  Wälder,  and 
others,  have  proposed  methods  which  are  based  upon  this  principle,  and 
which  they  apply  not  only  in  the  analysis  of  difficultly  combustible  bodies, 
but.  also  to  elfect  the  determination  of  the  carbon  and  hydrogen  in  organic 
substances  in  general. 

As  tliese  methods  require  a gasometer  filled  with  oxygen,  also  cer- 
tain  arrangements  to  dry  the  oxygen  completely,  and  to  free  it  from 
carbonic  acid,  it  is  evident  that  their  apparatus  must  be  more  complicated 
than  that  of  Liebig,  or  Bunsen.  The  application  of  these  new  methods 
is  therefore  generally  resorted  to  in  cases  where  a number  of  elementary 
analyses  have  to  be  made  in  succession ; and  also  more  particularly 
in  the  analysis  of  substances  which  cannot  be  reduced  to  powder,  and  do 
not  admit  therefore  of  intimate  mixture  with  the  oxide  of  copper. 

Hess,  and  Erdmann  and  Marchand,  use  spirits  of  wine  to  heat  the 
combustion  tube.  In  English  laboratories  gas  is  sometimes  employed 
for  the  purpose;  or  red-hot  charcoal  may  be  used.  Fig.  76  shows  an 
apparatus  with  charcoal  fire. 

A is  a gasometer  with  oxygen  ; the  cock  i is  connected  by  a brass 
tube  with  the  bulb  apparatus  h,  which  contains  concentrated  sulphuric 
acid.  The  brass  tube  is  laterally  connected,  by  means  of  a tube  of  vul- 
canised india-rubber,  with  a gasometer  containing  atrnospheric  air ; this 
part  of  the  apparatus  is  omitted  in  the  engraving.  The  tube  g contains 
solid  hydrate  of  potassa ; a b represents  the  combustion  tube,  which  is 
about  60  centimeters  long,  and  open  at  both  ends.  This  is  connected,  by 
means  of  perforated  corks,  at  the  end  a with  the  potassa  tube  g,  at  tbe 
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A 


Fig.  76. 


end  b with  the  chloride  of  calcium  tube  c ; d is  a potass-apparatus  ;* 
e contains  solid  hydrate  of  potassa. 

The  ignition  of  the  oxide  of  copper  is  effected  in  the  tube  itself.  To 
accomplish  this  a tolerably  dense  stopper  of  copper  turnings  is  inserted 
into  b,  the  tube  then  filled  from  a to  two-thirds  of  its  lengtli  with  oxide 
of  copper ; a is  then  joined  to  g and  h,  as  shown  in  the  cut,  and  the  tube 
gently  ignited  in  its  whole  length,  wliilst  a slow  stream  of  atmospheric 
air  is  conducted  through  it.  At  the  end  of  this  Operation  the  charcoal  is 
removed,  the  end  b , which  has  up  to  this  time  remained  open,  is  connected 
with  a small  chloride  of  calcium  tube,  and  the  ignited  oxide  allowed  to 
cool  in  a slow  stream  of  atmospheric  air.  When  the  tube  is  cold  it  is 
opened  at  the  end  a,  the  substance  introduced  with  the  aid  of  a tube 
(compare  § 144),  and  quickly  mixed  with  the  oxide  by  means  of  the  iron 
wire  illustrated  by  Fig.  75  ; the  hind  part  of  the  tube  is  lilled  to  within  a 
few  incbes  with  ignited  oxide  of  copper,  cooled  in  the  tube  illustrated  by 
Fig.  73  ; a few  gentle  taps  on  the  table  will  suffice  to  shake  the  contents 
down  a little,  leaving  a clear  passage  above.  The  connection  of  a with 
g is  again  made,  and  the  chloride  of  calcium  tube,  affixed  to  b during 
refrigeration  of  the  combustion  tube,  exchanged  for  the  one  marked  c,f 
which  is  accurately  weighed  first,  and  to  which  the  weighed  apparatus 
marked  d and  e are  also  joined. 

* As  the  solution  of  potassa  cannot  possibly  recede  with  this  arrangement  of  the  appara- 
tus, it  is  preferable  to  connect  the  small  bulb  with  the  chloride  of  calcium  tube,  instead  of 
the  large  one,  as  in  § 143. 

+ Instead  of  drying  the  cork  which  connects  c with  the  combustion  tube,  Erdmann  and 
Marchand  cover  it  with  lead  foil,  in  the  following  manner : the  bottom  of  the  cork  is 
cov.ered  with  a round  piece  of  lead  foil  of  the  requisite  size,  and  the  projecting  border  part 
tumed  over  and  pressed  firrnly  against  the  sides  of  the  cork.  The  foil  is  then  pierced  at  the 
part  where  it  covers  the  Perforation  of  the  cork,  by  turning  the  narrow  tube  of  the  chloride 
of  calcium  apparatus  cautiously  into  the  latter  from  the  bottom,  then  withdrawing  it  again, 
and  turning  it  in  from  the  top.  In  this  way  the  tube  is  passed  through,  in  mostcases,  with- 
out  forcing  off  the  lead  foil. 
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The  cock  i,  of  the  oxygen  gasometer  is  now  opened  a little,*  to  allow  the 
gas  to  pass  in  a very  slow  stream  through  the  apparatus  ; the  cock  is  then 
suddenly  closed,  and  the  level  of  the  fluids  in  the  two  bulb  apparatus 
watclied  some  time ; if  no  change  takes  place  in  it,  this  is  a proof  that  the 
several  joinings  fit  air-tight.  After  this  the  anterior  portion  of  the  tube 
is  heated  to  redness,  as  far  as  the  layer  of  pure  oxide  of  copper  extends  ; 
the  same  is  then  done  with  the  farther  part  also,  as  far  as  the  layer  of 
pure  oxide  of  copper  extends,  the  part  intervening,  and  which  contains  the 
mixture,  is  advantageously  protected  by  two  screens.  A very  slow  stream 
of  oxygen  gas  is  transmitted  all  the  time  through  the  apparatus. 

The  part  of  the  tube  containing  the  mixture  is  then  also  heated,  pro- 
ceeding  slowly  frorn  the  anterior  to  the  posterior  part.  The  stream  of 
oxygen  gas  is  gradually  somewhat  increased,  but  never  so  much  that 
oxygen  gas  escapes  through  the  potass-apparatus  d.  When  the 
tube  in  its  whole  length  is  at  a red  lieat,  and  the  evolution  of  gas  in 
it  has  ceased,  the  cock  is  opened  a little  wider,  and  the  transmission  of 
oxygen  continued,  until  at  last,  when  the  reduced  oxide  of  copper  is  com- 
pletely  re-oxidised,  the  gas  begins  to  escape  unabsorbed  through  the  po- 
tass-apparatus. The  cock  of  the  oxygen  gasometer  is  now  shut,  whilst 
that  of  the  air  gasometer  is  opened  a little  ; the  ignited  charcoal  is  removed 
as  far  as  practicable,  and  the  combustion  tube,  &c.,  allowed  to  cool  in  a 
slow  stream  of  atmospheric  air.  The  chloride  of  calcium  tube  and  the 
potass-apparatus,  with  the  potassa  tube  joined  to  it,  are  then  weighed. 

A very  great  advantage  of  this  method  consists  in  this,  that  the  com- 
bustion tube,  after  the  termination  of  the  first,  is  quite  ready  for  a 
second  analysis. 

y.  Volatile  substances  or  bodies  suffering  alter ation  at  212°  (Josing 
water,  for  instance). 


§ 148. 

If  substances  of  this  kind  were  analysed  as  directed  § 143,  a portion  of 
the  substance  or  some  water  would  escape  upon  mixing  with  hot  oxide  of 
copper  and  the  application  of  the  exhausting  syringe  to  the  tube,  sur- 
rounded  as  it  is  with  hot  sand  ; the  results,  therefore,  could  not  possibly 
be  accurate.  And  if,  on  the  other  hand,  the  mixing  were  elfected  in  the 

* To  cnable  the  operator  to  do  this  at  pleasure,  an  arm  is 
fixed  to  the  turning  part  {Erdmann  and  Marchand).  H.  Rose  has 
proposed  the  following  simple  contrivance  instead  (Fig.  77) : a is  a 
cork  to  be  placed  on  the  cock  ; J,  a thick  wire  or  rod,  serves  as 
lever. 

Fig.  77. 
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same  way  with  cold  oxide  of  copper,  the  mixture  would  absorb  a notable 
quantity  of  water. 

The  process  is,  therefore,  conducted  either  as  directed  § 144,  or  § 147. 
Ignited  chromate  of  potassa,  cooled  in  a closed  tube,  may  also  be  ein- 
ployed  as  oxidising  agent. 

b.  Fluid  substances. 

a.  Volatile  ßuids  ( e . g.  ethereal  oils,  alcobol,  &c.). 

§ 149. 

1 . The  analysis  of  organic  volatile  fluids  requires  all  the  objects  enurae- 
rated  in  § 142,  with  the  exception  of  the  exhausting  syringe  and  the 
apparatus  for  weighing  and  mixing ; it  requires  besides  a glass  tube, 
• such  as  that  described  iu  § 144,  for  the  temporary  reception  of  the 
oxide  of  copper,  and  also  several  small  glass  bulbs  for  the  reception  of  the 
fluid  to  be  analysed.  These  bulbs  are  made  in  the  following  manner : 

A quill  tube,  made  of  moderately  thick  readily  fusible  glass,  is  drawn 
out  as  shown  in 


Fig.  78. 

(Let  the  reader  imagine  that  the  two  ends  of  the  tube  are  each  a foot 
longer  than  represented  in  the  engraving.)  The  bulb  a is  severed  by  fusion 
at  b,  and,  if  necessary,  the  thickened  part  sliglitly  expanded ; the  tube  is 
then  again  cut  at  c.  Iu  this  manuer  2 or  3 bulbs  are  made  of  the  shape 

illustrated  by  Fig.  79.  The  lengthof  the  ends 
of  the  tube  is  intended  to  prevent  the  bulbs 
getting  moist  inside  wliilst  being  expanded. 
Two  of  these  bulbs  are  accurately  weighed  ; 

Fig.  79.  tbey  are  then  filled  with  the  fluid  to  be  ana- 

lysed, closed  by  fusion,  and  weighed  again.  The  filling  is  effected  by 
sliglitly  beating  the  bulb  over  a spirit-lamp  and  immersing  the  pointed  end 
into  the  fluid  to  be  analysed,  part  of  which  will  now,  upon  cooling,  enter 
the  bulb.  If  the  fluid  is  highly  volatile  the  portion  entering  the  still 
warm  bulb  is  converted  into  vapor,  which  expels  the  fluid  again ; but  the 
moment  the  vapor  is  recondensed,  the  bulb  Alls  the  more  completely.  If 
the  fluid  is  of  a less  volatile  nature,  a small  portion  only  will  enter 
at  first ; in  such  cases,  the  bulb  is  heated  again  to  convert  what 
has  ascended,  into  vapor,  and  the  point  is  then  again  immersed 
into  the  fluid,  which  will  now  readily  enter  and  fdl  the  bulb.  The  excess 
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of  fluid  is  ejected  from  the  neck  of  the  little  tube  by  a sudden  jerk  ; the 
point  is  then  closed  by  fusion.  The  combustion  tube  is  now  prepared 
for  the  process  by  introducing  into  it  from  the  filling  tube  (§  144), 
a layer  of  oxide  of  copper  occupying  about  6 centimeters  in  length. 
The  middle  of  the  neck  of  one  of  the  bulbs  is  slightly  scratched  with  a file, 
the  point  is  quickly  broken  off,  and  the  bulb  and  point  are  dropt  into  the 
combustion  tube.  Another  layer  of  oxide  of  copper,  from  about  6 to  9 
centimeters  long,  is  then  filled  in,  and  a second  bulb  introduced  in  the 
same  manner  as  the  first.  The  tube  is  ultimately  nearly  filled  with 
oxide  of  copper.  A few  gentle  taps  upon  the  fable  suffice  to  make  a free 
passage  for  the  gases  evolved.  It  is  advisable  to  place  in  the  anterior 
part  of  the  combustion  tube  small  fragments  of  oxide  of  copper  (compare 
§ 45,  1),  or  superficially  oxidised  copper  turnings,  which  will  permit  the 
free  passage  of  the  gases,  even  with  a narrow  channel ; since  with  a wide 
channel  there  is  the  risk  of  vapors  passing  unconsumed  through  the  tube. 

The  combustion  of  highly  volatile  substances  demands  great  care,  and  re- 
quires  certain  modifications  of  the  common  method.  The  Operation  com- 
mences  by  heating  to  redness  the  smaller  anterior  half  of  the  tube,  which  is 
separated  from  the  rest  by  a screen  (in  the  case  of  highly  volatile  substances 
two  screens  are  used  instead  of  one) ; ignited  charcoal  is  then  placed  behind 
the  tube,  to  heat  the  pointed  end,  and  thus  to  prevent  the  condensation  of 
vapor  in  that  part.  A piece  of  red-hot  charcoal  is  now  put  to  that  part  of  the 
tubewhichis  occupied  by  the  first  bulb ; this  causes  the  efflux  andevaporation 
of  the  contents  of  the  latter  ; the  vapor  passing  over  the  surface  of 
the  oxide  of  copper  suffers  combustion,  and  thus  the  evolution  of  gas  com- 
mences,  which  is  then  maintained  by  heating  very  gradually  the  first  and 
after  this  the  second  bulb ; it  is  better  to  conduct  the  Operation  too 
slowly  than  too  quickly.  Sudden  heating  of  the  bulbs  would  at  once  cause 
such  an  impetuous  rush  of  gas  as  to  eject  the  fluid  from  the  potass-appa- 
ratus.  The  tube  is  finally  in  its  entire  length  surrounded  with  ignited  char- 
coal, and  the  rest  of  the  Operation  conducted  in  the  usual  way.  If  the 
air  drawn  through  the  apparatus  tastes  of  the  analysed  substance,  this  is 
a sure  sign  that  complete  combustion  has  not  been  effected.  In  the  com- 
bustion of  fluids  of  high  boiling  point  and  abounding  in  carbon,  e.  g. 
ethereal  oils,  unconsumed  carbon  is  apt  to  deposit  on  the  completely  reduced 
copper  near  the  substance;  it  is  therefore  advisable  to  distribute  the 
quantity  intended  for  analysis  (about  0’4  grm.)  in  three  bulbs,  separated 
from  each  other  in  the  tube,  by  interposed  layers  of  oxide  of  copper. 

2.  If  there  is  reason  to  apprehend  that  the  oxygen  supplied  by  the 
oxide  of  copper  may  not  suffice  to  effect  the  complete  combustion  of  the 
carbon,  the  process  is  terminated  in  a stream  of  oxygen  gas  evolved  from  a 
layer  of  chlorate  or  perchlorate  of  potassa  in  the  posterior  part  of  the 
tube  (compare  § 146). 
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3.  If  it  is  intended  to  effect  the  combustion  in  the  apparatus  described, 
§ 147,  in  a stream  of  oxygen  gas,  the  bulbs  must  be  drawn  out  into  a 
fine  long  point,  and  filled  almost  completely  with  the  fluid.  The  point  is 
then  closed  by  fusion,  and  the  bulbs  are  transferred  in  that  state  to  the 
combustion  tube.  When  the  anterior  and  the  farther  end  of  the  tube  are 
red  hot,  a piece  of  ignited  charcoal  is  put  to  the  part  occupied  by  the  first 
bulb  when  the  expansion  of  the  fluid  in  the  latter  will  cause  it  to  burst.  When 
the  contents  of  the  first  bulb  are  consumed,  the  second,  and  afterwards 
the  third,  are  treated  in  the  same  way.  This  method  will  not  answer, 
however,  for  very  volatile  fluids,  as  ether,  for  instance,  on  account  of  the 
explosiou  inseparable  from  it. 

ß.  Fluid  non-volatile  bodies  (e.  g.  fixed  oils). 

§ 150. 

The  combustion  of  non-volatile  fluids  is  effected  either,  1 , with  chromate 
of  lead  or  with  oxide  of  copper,  combined  with  chlorate,  or,  as  the  case 
may  be,  perchlorate  of  potassa;  or,  2,  in  the  apparatus  described  § 147. 

The  substance  to  be  examined  is  weiglied  in  a small  tube,  and  the  pro- 
cess  of  mixing  is  then  accomplished  in  the  following  manner  : — 

1.  The  general  Operation  is  conducted  as  directed  § 145  or  § 140.  The 
substance  is  weighed  in  a small  tube,  and  the  mixing  effected  as  follows  : 
first,  a layer,  about  6 centimeters  long,  of  chromate  of  lead,  or  of  oxide 
of  copper  and  chlorate  of  potassa,  is  introduced  into  the  combustion  tube  ; 
the  small  cylinder  with  the  substance  is  then  dropt  in,  and  the  oil  allowed 
completely  to  run  out  into  the  tube,  when  it  is  made  to  spread  about  in  vari- 
ous  directions,  taking  care,  however,  to  leave  the  upper  side  (intended  for 
the  channel)  and  the  forepart,  to  the  extent  of  one-fourth  or  one-tliird  of  the 
length  of  the  tube,  entirely  clean.  The  tube  is  now  nearly  filled  up  with 
chromate  of  lead  or  oxide  of  copper — which  has  previously  been  cooled  in 
a tube — taking  care  that  the  little  cylinder  which  contained  the  oil  intended 
for  analysis,  be  completely  filled  with  the  oxidising  agent.  The  tube  is 
then  placed  in  hot  sand,  which  imparting  to  the  oil  a high  degree  of 
fluidity  leads  to  its  perfect  absorption  by  the  oxidising  agent ; the  ex- 
hausting  syringe  is  now  applied,  if  necessary,  and  the  combustion  pro- 
ceeded  with  in  the  usual  way.  It  is  advisable  to  select  a tolerably 
long  tube.  Chromate  of  lead  is  usuallv  preferable  as  oxidising  agent  to 
the  mixture  of  oxide  of  copper  and  chlorate  of  potassa.  When  the  former 
agent  is  used,  a very  intense  heat,  sufliciently  strong  to  fuse  the  contents 
of  the  tube,  is  cautiously  applied  in  the  last  stage  of  the  process. 

Solid  fats  or  waxy  substances  which,  not  being  reduceable  to  powder, 
cannot  be  mixed  with  the  oxidising  agent  in  the  usual  way,  are  treated  in 
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a similar  manner  to  fixed  oils.  Tliey  are  fused  in  a small  weighed  glass- 
boat  (Fig.  80),  made  of  a tube  divided  lengthwise,  when  cold  tlie 
little  boat  with  its  contents  is  weighed,  and  then  dropped  into  the  com- 

bustion  tube,  which  bas  been  previously  filled 
to  the  extent  of  about  six  centimeters  with 
chromate  of  lead,  or  with  a mixture  of  oxide 
of  copper  and  chlorate  of  potassa.  The  sub- 
stance  is  then  fused  by  the  application  of  lieat,  and  made  to  spread  about 
in  the  tube  in  the  same  manner  as  is  done  with  fixed  oils ; the  rest  of  the 
Operation  also  being  conducted  exactly  as  in  the  latter  case. 

2.  If  it  is  intended  to  effect  the  combustion  of  fatty  substances  or 
other  bodies  of  the  kind,  in  a stream  of  oxygen  gas,  in  the  apparatus 
described  in  § 147,  the  substance  is  weighed  in  a glass  or  porcelain- 
boat,  which  is  then  inserted  into  the  tube,  and  the  posterior  part  of  the  latter 
filled  with  oxide  of  copper  as  directed  above.  The  combustion  must  be 
conducted  with  great  care.  As  soon  as  the  oxide  of  copper  in  the  ante- 
rior, and  the  posterior  parts  of  the  tube  is  red  hot,  a piece  of  red-hot 
charcoal  is  put  to  the  part  holding  the  substance.  The  volatile  products 
generated  by  the  dry  distillation  of  the  substance,  burn  at  the  expense  of 
the  oxygen  of  the  oxide  of  copper. 

When  it  is  perceivedthat  the  surface  layer  of  the  oxide  of  copper  is  reduced 
to  the  metallic  state,  the  application  of  heat  is  suspended  for  a time,  and  re- 
sumed  onlv  when  the  reduced  copper  is  re-oxidised  in  the  stream  of  oxygen 
gas.  Care  is  finally  taken  to  insure  the  complete  combustion  of  the  car- 
bon  remaining  in  the  boat. 


Fig.  80. 


B.  Analysis  of  compounds  consisting  of  carbon,  hydrogen, 

OXYGEN,  AND  NITROGEN. 

The  principle  of  the  analysis  of  such  compounds  is  in  general  this  : the 
substance  is  divided  into  two  portions,  and  the  carbon  determined  as 
carbonic  acid,  the  hydrogen  as  water,  in  the  one  portion  ; the  nitrogen  in 
the  other  portion,  either  in  the  gaseous  form  or  as  chloride  of  ammonium 
and  bichloride  of  platinum,  or,  by  neutralising  the  ammonia  formed  by  the 
liberated  nitrogen  ; the  oxygen  is  calculated  from  the  loss. 

As  the  presence  of  nitrogen  exercises  a certain  influence  upon  the  quan- 
titative estimation  of  carbon  and  hydrogen,  we  liave  to  consider  here  not 
only  the  method  of  determiuing  the  nitrogen  in  organic  compounds,  but 
also  the  modifications  which  the  presence  of  the  nitrogen  renders  neces- 
sary  in  the  usual  method  of  determiuing  the  carbon  and  hydrogen. 
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a.  Determination  of  the  carbon  and  hydrogen  in  nitro- 

GENOUS  SUBSTANCES. 

§ 151. 

1 . When  nitrogenous  substances  are  ignited  with  oxide  of  copper  or 
with  cliromate  of  lead,  a portion  of  the  nitrogen  present  escapes  in  the 
gaseous  form,  together  with  the  carbonic  acid  and  aqueous  vapor,  whilst 
another  portion,  minute  indeed,  still,  in  bodies  aboundingin  oxygen,  not 
quite  insignificant,  is  converted  into  nitric  oxide  gas,  wliich  is  sub- 
sequently  transformed  wbolly  or  partially  into  nitrous  acid  by  the  air 
in  the  apparatus.  The  application  of  the  methods  described  in 
§ 143,  &c.,  in  the  analysis  of  nitrogenous  substances  would  accordingly 
give  a higher  number  for  the  carbon  than  corresponds  to  the  actual  amount 
of  that  element  present  in  the  analysed  substance  ; since  the  solution  of 
potassa  in  the  apparatus  would  retain,  besides  the  carbonic  acid,  also  the 
nitrous  acid  formed  and  a portion  of  the  nitric  oxide  (wliich  in  the  pre- 
sence  of  potassa  decomposes  slowly  into  nitrous  acid  and  nitrous  oxide). 
This  defect  may  be  remedied,  on  the  one  liand,  by  the  exclusive  use  of 
oxide  of  copper  as  oxidising  agent,  the  most  intimate  mixture  of  the 
substance  with  the  oxide,  and  slow  combustion  ; as  brisk  combustion,  and 
the  use  of  cliromate  of  lead,  or  the  addition  of  chlorate  of  potassa  to  the 
oxide  of  copper,  tend  greatly  to  promote  the  evolution  of  nitric  oxide  ; 
and,  on  the  other  hand,  by  selecting  a combustion  tube  from  about  12  to  15 
centimeters  longer  than  those  commonly  employed,  filling  this  in  the  usual 
way,  but  finishing  with  a loose  layer,  from  about  9 to  12  centimeters 
long,  of  clean  fine  copper  turnings  (§  45,  6).  The  process  is  commenced 
by  heating  these  copper  turnmgs  to  redness,  in  wliich  state  thev  are  main- 
tained  during  the  whole  course  of  the  Operation.  These  are  the  only 
modifications  required  to  adapt  the  methods  given  in  § 143,  &c.,  to  the 
analysis  of  nitrogenous  substances.  The  action  of  the  copper  turnings  in 
the  process  rests  upon  the  property  of  metallic  copper  in  a state  of  in- 
tense  ignition  to  decompose  all  the  oxides  of  nitrogen  into  oxygen,  with 
which  the  metal  combines  forming  oxide,  and  into  pure  nitrogen  gas.  As 
the  metal  exercises  this  action  only  when  in  a state  of  intense  ignition,  care 
must  be  taken  to  maintain  the  anterior  part  of  the  tube  in  that  state  through- 
out  the  process.  As  metallic  copper  recently  reduced  retains  hydrogen  gas, 
and,  after  being  kept  for  a time,  aqueous  vapor  Condensed  on  the  surface, 
the  copper  turnings  intended  for  the  process  must  be  introduced  into  the 
tube  hot  as  they  come  from  the  drying  case  (which  is  lieated  to  212°). 
Liebig  recommends  to  compress  the  hot  turnings  in  a tube  into  a cvlin- 
drical  lorm,  to  facilitate  their  introduction  into  the  combustion  tube. 

2.  If  it  is  intended  to  bum  nitrogenous  bodies  in  the  apparatus  de- 
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scribed  in  § 147,  a tube  of  a length  of  about  75  centimeters  is  used,  and 
tbe  anterior  part  of  the  same  filled  with  a layer  from  9 to  1 2 centimeters 
long  of  clean  copper  turnings.  Care  must  be  taken  to  keep  at  least  the 
anterior  portion  of  the  turnings  from  oxidising  both  during  the  ignition  in 
the  stream  of  air  and  during  the  actual  process  of  combustion.  When 
the  Operation  is  terminated,  and  the  oxidation  of  the  metallic  copper  is 
visibly  progressing,  the  oxygen  is  turned  off,  and  the  cock  of  the  air 
gasometer  opened  a little  instead,  to  let  the  tube  cool  in  a slow  stream 
of  atmospheric  air. 

6.  Determination  of  the  nitrogen  in  organic  compounds. — 
It  lias  already  been  stated  above,  that  two  essentially  different  metliods 
are  pursued  to  effect  the  determination  of  the  nitrogen  in  organic  com- 
pounds ; viz.,  the  nitrogen  is  either  separated  in  the  gaseous  form  and  de- 
termined  by  measuring  the  volume  of  the  isolated  gas ; or  it  is  converted 
into  ammonia,  which  again  is  then  determined  either  as  bichloride  of  pla- 
tinum  and  chloride  of  ammonium,  or  by  neutralisation. 

a.  Determination  of  the  nitrogen  from  tlie  volume. 

The  many  methods  that  have  been  recommended  to  effect  this  purpose, 
may  allbe  brought  under  two  general  heads  ; viz.,  Ist.,  methods  having  for 
tlieir  object  the  Collection  of  the  whole  of  the  nitrogen  contained  in  a 
weighed  portion  of  the  substance  ; and  2nd,  methods  determining  simply 
the  relative  proportion  between  the  carbonic  acid  and  the  nitrogen  gas 
evolved,  from  which  the  quantity  of  the  nitrogen  is  then  calculated  ; these 
latter  methods  require  therefore,  of  course,  that  the  amount  of  carbon 
contained  in  the  substance  sliould  be  previously  known.  The  methods  based 
upon  the  the  former  principle  are  denominated  quantitative , those  based 
upon  the  latter  are  called  qualitative.  I will  describe  here  one  of  each, 
selecting  those  which  are  most  readily  performed  and  give  the  most  accu- 
rate  results. 


I.  Qualitative  method  (Liebig’s). 

§ 152. 

This  method  is  applicable  only  in  the  analysis  of  substances  containing 
a notable  amount  of  nitrogen  in  proportion  to  that  of  the  carbon.  See 
also  the  end  of  the  paragraph. 

The  performance  of  this  method  requires  the  following : 

1 . Six  to  eight  accurately  graduated  tubes  of  strong  glass,  each  about 
30  centimeters  long  and  15  millimeters  in  diameter. 

2.  A tall  cylinder  of  strong  glass  widened  at  the  top  (See  Fig.  82). 

3.  A pipette  with  the  lower  orifice  beut  upwards  (See  Fig.  82). 
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4.  A quantity  of  mercury  more  than  sufficient  to  fill  the  glass  cylinder. 

5.  A mercurial  trough. 

6.  Solution  of  potassa. 

7.  A straight  combustion  tube  60  centimeters  long,  and  closed  by 
fusion  at  one  end  ; with  gas-conducting  tube  (see  Fig.  81)  ; also  a long 
combustion  furnace. 

8.  Oxide  of  copper  ; this  neednot  have  been  ignited  recently. 

9.  Pure  and  clean  copper  turnings. 

The  process  is  conducted  in  the  following  manner  : A quantity  of  oxide 
of  copper  sufficient  to  form  a layer  of  6 centimeters  in  length,  is  introduced 
into  the  fartber  end  of  the  combustion  tube ; a quantity  of  about  0 5 
grm.  of  the  very  finely  pulverised  substance*  intended  for  analysis  is  tben 
most  intimately  mixed  with  a portion  of  oxide  of  copper  sufficient  to  fill 
the  combustion  tube  about  half.  This  mixture  is  introduced  into  the  tube 
and  followed  by  another  layer  of  oxide  of  copper  ; the  rest  of  the  tube — a 
part  at  least  12  centimeters  long — is  then  filled  with  copper  turnings. 
The  combustion  tube  so  prepared  is  connected  with  the  bent  delivery 
tube,  and  placed  in  the  furnace  ; the  anterior  part  of  the  tube  is  tben  sur- 
rounded  with  red-hot  charcoal,  the  part  holding  the  mixture  being  pro- 
tected  by  a screen  which  is  shifted  back  3 centimeters  each  time  as  the 
application  of  heat  is  gradually  advanced  in  the  usual  way  to  the  part  oc- 
cupied  by  the  mixture.  When  about  one-fourth  part  of  tliis  is  decomposed, 
and  the  atmospheric  air  is  thus  almost  completely  expelled  from  the  tube 
by  the  products  of  the  combustion,  one  of  the  graduated  tubes,  filled 
with  mercury, f is  inverted  over  the  mouth  of  the  bent  delivery 
tube,  which  opens  under  mercury,  and  allowed  to  fill  with  gas  to  about 
three-fourths  ; it  is  then  lifted  out  of  the  mercurial  trough,  so  that  the  rest 
of  the  mercury  flows  out;  if,  upon  looking  througli  the  tube  lengtliways, 
the  operator  perceives  not  the  slightest  red  coloration  of  the  gaseous  cou- 
tents,  he  may  feel  convinced  that  the  gases  contain  no  admixture  of  nitric 
oxide.  To  acquire  the  positive  certainty  that  there  is  no  nitric  oxide  in  any  of 


Fig.  81. 


* The  weight  need  not  be  more  accurately  known  in  this  process. 

f The  best  way  of  filling  a tube  completely  with  mercury,  so  as  to  prevent  any  air-bubbles 
remaining  in  it,  is  to  fill  the  tube  nearly  with  mercury,  to  close  the  aperture  with  the  finger, 
to  invert  the  tube.  and  to  make  the  minute  bubbles  of  air  adhering  to  the  sides  gradually 
unite  with  the  large  bubble  at  the  top.  The  tube  is  then  turned  upright  and  slowly  filled 
up  with  mercury. 
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the  tubes,  this  must  be  repeated  in  the  middle  and  towards  tbe  end  of  the 
Operation.  After  this  preliminary  Operation,  tbe  graduated  tubes  are  filled 
one  after  another  in  the  same  way  (see  Fig.  81),  whilst  tbe  heating  is  con- 
tinued  slowly  and  uniformly.  This  Operation  requires  a stand  with  places 
for  six  or  eight  tubes.*  In  default  of  an  apparatus  of  the  kind,  an  assistant 
must  hold  the  filled  tubes  until  they  are  required  for  measuring;  care  must 
be  taken  to  mark  the  order  in  which  they  were  filled. 

When  all  the  tubes  are  filled,  the  gas  is  measured  successively  in  them  in 
the  following  manner.  The  tube  is  completely  immersed  for  some  time  in  the 
mercury  with  which  the  cylinder,  illustrated  by  Fig.  82, 
is  filled  ; by  this  means  perfect  uniformity  of  tempera- 
ture  between  the  gas  and  the  mercury  is  established. 
After  this,  the  tube  is  raised  until  the  mercury  is  on  an 
exact  level  inside  and  outside  ; the  volume  is  then  read 
offandnoted  (see  § 1 1).  A small  quantity  of  solution  of 
potassa  is  now  made  to  pass  into  the  tube  from  the 
pipette  ß.,  which  is  nearly  filled  with  this  liquid  ; this 
is  effected  by  blowing  cautiously  into  the  pipette.  The 
latter  is  then  withdrawn,  and  the  absorption  of  the  car- 
bonic  acid  by  the  solution  of  potassa  is  promoted  by 
moving  the  firmly  held  tube  up  and  dow'n  in  the  mer- 
cury, pressing  its  mouth  firmly  against  the  side  of  the 
cylinder ; the  tube  is  ultimately  once  more  completely 
Fig.  82.  immersed,  raised  again  until  the  mercury  is  inside  and 
outside  on  an  exact  level,  and  the  volume  then  accu- 
rately  read  off.  The  pressure  which  the  small  column  of  solution  of  potassa 
exercises,  may  be  altogether  disregarded.  The  volume  of  the  carbonic 
acid  is  determined  by  subtracting  the  quantity  found  in  the  second 
measuring  (the  nitrogen  gas),  from  that  noted  in  the  first  (nitrogen  gas  + 
carbonic  acid  gas). 

When  the  contents  of  the  first  tube  have  thus  been  determined,  the 
mercury  is  cleaned  by  washing  first  with  water  slightly  acidulated  with 
hydrochloric  acid,  then  with  pure  water,  and  drying  with  blotting 
paper  ; the  contents  of  the  second  tube  are  then  determined  in  the  same 
manner,  and  so  on  to  the  last. 

The  results  of  the  several  tubes  are  generally  found  pretty  uniform  ; in 
many  cases,  however,  where  the  nitrogenous  substance,  previously  to  com- 
plete  combustion,  is  resolved  into  products  of  different  degrees  of  volatility, 
the  several  tubes  show  notable  differences  in  the  respective  results. 
As  a general  rule,  the  arithmetical  mean  is  taken  as  correct,  and  this 
may  be  considered  the  more  accurate  and  reliable,  the  less  the 
respective  results  of  the  several  tubes  diverge  from  it.  If,  however^ 
* Compare“  Das  chemische  Laboratorium  zu  Giessen,”  von  J.  P.  Hof  mann,  Heidelberg,  1842. 
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the  tubes  first  filled  give  a considerably  larger  proportion  of  nitrogen  than 
those  filled  after,  it  may  be  safely  assumed  that  the  air  was  not  com- 
pletely  expelled  when  the  first  tubes  were  filled  ; and  in  that  case  their 
contents  are  not  taken  into  account. 

The  relative  proportion  of  the  carbonic  acid  to  the  nitrogen  gas  expresses 
directly,  and  without  further  calculation,  the  proportion  which  the  equiva- 
lents  of  the  carbon  bear  to  those  of  the  nitrogen  : since  one  equivalent  of 
carbon  combines  with  two  equivalents  of  oxygen,  leaviug  the  volume  of  the 
latter  element  unaltered,  and  giving  accordingly,  two  volumes  of  carbonic 
acid  ; — and  one  equivalent  of  nitrogen  gives  equally  two  volumes  of  nitro- 
gen gas. 

Suppose  we  have  found  the  proportion  which  the  carbonic  acid  bears  to 
the  nitrogen  gas  as  like  4:1,  the  analysed  compound  contains  in  that  case, 
tofour  equivalents  of  carbon =4  x 75  = 300,  one  equivalent  of  nitrogen  = 175. 
If,  therefore,  we  have  found,  26  parts  of  carbon  in  100  parts  of  the  analysed 
substance,  the  latter  contains  15*17  of  nitrogen  ; since  300  : 175  : : 26  : 
x ; x—  15*17. 

Tliere  is  one  irremediable  source  of  error  inherent  in  this  method,  viz., 
it  is  impossible  to  remove  the  air  completely  from  the  tube,  and  thus  the 
resulting  number  for  the  nitrogen  is  somewhat  too  high.  This  defect,  how- 
ever,  does  not  materially  interfere  with  the  correctness  of  the  results,  if 
the  substance  contains  a relatively  large  amount  of  nitrogen  ; thus,  for 
instance,  if  the  proportion  be  found  as  1 : 4 * 1 , it  is  at  once  evident  that 
1 : 4 is  the  correct  number.  But  if  the  relative  proportion  of  the 
nitrogen  is  inconsiderable,  this  defect  vitiates  the  results ; and  experi- 
ence  has  proved  that  the  method  is  no  longer  applicable  in  the  analysis  of 
substances  containing  less  than  one  equivalent  of  nitrogen  to  eight  equiva- 
lents of  carbon. 

Bunsen  has  modified  this  method  so  as  to  attain  still  greater  accu- 
racy.  Ilowever,  his  process  is  less  simple  and  requires  greater  dexte- 
rity  and  expertness.  A description  of  it  is  given  in  the  “ Hand- 
wörterbuch der  Chemie”  Supplemente,  200,  Kolbe;  and  also  in 
Liebeg' s “Anleitung  zur  Analyse,  organischer  Körper,”  II  Auflage, 
S.  72. 

2.  Quantitative  method.  (Dumas.) 


§ 153. 

This  method  may  be  employed  in  the  analysis  of  all  organic  compounds 
containing  nitrogen.  It  requires,  besides  the  objects  enumerated  in  § 152, 
from  4 to  9,  and  in  § 142,  2,  9,  and  12,  a barometer  and  a thermorneter, 
and  a graduated  glass  cylinder  of  a capacity  of  about  200  cubic  centime- 
ters  ; and  finally  a ground-glass  plate  to  cover  the  latter. 
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The  combustion  tube  should  be  about  70  or  80  centimeters  long,  and 
closed  at  one  end  by  fusion,  in  the  manner  of  a test  tube  : a layer  of 
dry  bicarbonate  of  soda,  from  12  to  15  centimeters  long,  is  introduced 
into  it ; this  is  followed  by  a layer  of  oxide  of  copper,  4 centimeters  long, 
and  this  again  by  an  accurately  weighed  portion  of  the  substance  (from 
0 300  to  O’GOO  grm.,  or,  in  the  case  of  Compounds  poor  in  nitrogen,  a 
somevvbat  larger  quantity),  most  intimately  mixed  with  oxide  of  copper. 
After  this  comes  the  oxide  wbich  bas  served  to  rinse  the  mortar,  and  then 
a layer  of  pure  oxide,  and  the  tube  is  then  ultimately  filled  up  with  a layer 
of  copper  turnings,  about  15  centimeters  long.  The  tube  so  prepared  is 
connected  with  the  bent  delivery  tube,  a (see  below,  Fig.  83),  and  placed 
in  the  furnace.  The  posterior  end  of  the  tube  (to  the  extent  of  about 
6 centimeters)  is  then  gradually  lieated  to  redness,  the  other  parts 
being  protected  from  the  heat  by  a screen.  The  bicarbonate  of 
soda  is  decomposed  by  the  heat,  and  the  carbonic  acid  evolved  drives 
the  air  in  the  tube  before  it,  and  thus  etfects  its  expulsion.  When 
the  evolutiou  of  gas  has  proceeded  for  some  time,  the  end  of  the  bent  de- 
livery tube  is  immersed  under  mercury,  and  a test  cylinder,  filled  with 
solution  of  potassa,  inverted  over  it ; the  red-liot  pieces  of  charcoal  are  then 
slightly  advanced  towards  the  anterior  part  of  the  tube.  If  the  gas  bubbles 
entering  the  cylinder  are  completely  absorbed  by  the  solution  of  potassa, 
this  is  a proof  that  the  air  is  thoroughly  expelled  from  the  tube  ; the  actual 
combustion  may  therefore  now  be  at  onee  commenced  ; but  should  this 
not  be  the  case,  the  evolutiou  of  carbonic  acid  must  be  continued  nntil  the 
desired  point  is  attained.  The  gas  evolved  is  then  made  to  enter  the 
graduated  cylinder,  which  is  filled  to  two-thirds  with  mercury,  and  one- 
third  with  strong  solution  of  potassa,  and  inverted  in  the  mercurial  trough, 
over  the  opening  of  the  bent  delivery  tube,*  as  Fig.  83  shows. 


Fig.  83. 


* The  following  is  the  best  way  of  filling  the  cylinder  and  inverting  it  over  the  opening 
of  the  bent  delivery  tube.  The  mercury  is  introduced  first,  and  the  air-bubbles  which 
adhere  to  the  walls  of  the  vessel  are  removed  in  the  usual  way.  The  solution  of  potassa 
is  then  poured  in,  leaving  the  top  of  the  cylinder  free,  to  the  extent  of  about  two  lines;  this 
is  cautiously  filled  up  to  the  brim  with  pure  water,  and  the  ground-glass  plate  placed  over  it. 
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The  actual  combustion  is  then  proceeded  with  in  the  usual  way,  by 
beating  first  the  anterior  part  of  the  tube  to  redness,  and  advancing  gra- 
dually  towards  the  farther  end.  In  the  last  stage  of  the  process,  the 
other  half  of  the  bicarbonate  of  soda  is  decomposed,  and  thus  the  whole 
of  the  nitrogen  gas  which  still  remains  in  the  tube  is  forced  into  the 
cylinder.  The  operator  must  now  wait  until  the  volume  of  the  gas  in 
the  cylinder  decreases  no  longer,  even  upon  agitating  the  latter  (con- 
sequently,  until  the  whole  of  the  carhonic  acid  has  been  absorbed).  The 
cylinder  is  then  placed  in  a large  and  deep  glass  vessel,  filled  with 
water,  the  safe  transport  from  the  mercurial  trough  to  this  vessel  being 
effected  by  keeping  the  aperture  closed  with  a small  disli  filled  with  mer- 
cury.  The  mercury  and  the  solution  of  potassa  sink  to  the  bottom,  and 
are  replaced  by  water.  The  cylinder  is  totally  immersed,  and  then  raised 
again  until  the  water  is  inside  and  outside  on  an  exact  level ; the  volume 
of  the  gas  is  now  accurately  read  off,  and  the  temperature  of  the  water, 
and  the  height  at  which  the  barometer  Stands,  are  carefully  marked  ; the 
weight  of  the  nitrogen  gas  is  finally  calculated  from  its  volume,  after  pre- 
vious  reduction  to  32°  of  the  thermometer,  and  29 ’8  of  the  barometer, 
and  with  due  regard  to  the  tension  of  the  aqueous  vapor  (compare  “ Cal- 
culation  of  Analysis”).  The  results  are  generally  somewhat  too  high,  viz., 
by  about  0’2  to  0‘5  per  cent ; this  is  owing  to  the  circumstance  that  even 
protracted  transmission  of  carbonic  acid  through  the  tube  fails  to  expel 
every  trace  of  atmospheric  air  adhering  to  the  oxide  of  copper. 


ß.  Determination  of  nitrogen  by  weight.  (Varrentrapp  and 

Will.) 

§ 154. 

This  method  may  be  employed  in  the  analysis  of  all  nitrogenous  Com- 
pounds, with  the  exception  of  those  which  contain  the  nitrogen  in  the 
form  of  nitric  acid,  hyponitric  acid,  &c.  It  is  based  upon  the  same  prin- 
ciple  as  the  method  of  examining  organic  Compounds  for  nitrogen  (§  140, 
1,  «.),  viz.,  upon  the  circumstance  that,  when  nitrogenous  bodies  are 
ignited  with  the  hydrate  of  an  alkali  metal,  the  hydration  water  of 
the  latter  is  decomposed,  its  oxygen  forming  with  the  carbou  of  the 
organic  body  carhonic  acid,  which  then  combines  with  the  alkali,  whilst 
the  hydrogen  at  the  moment  of  its  liberation  combines  with  the  whole 
of  the  nitrogen  present,  forming  ammonia. 

In  the  analysis  of  substances  abounding  in  nitrogen,  such  as  uric  acid, 
mellone,  &c.,  the  whole  of  the  nitrogen  is  not  at  once  converted  into  am- 

The  cylinder  is  now  inverted,  and  the  opening  placed  under  the  mercury  in  the  trough  ; the 
glass  plate  is  then  withdrawn  from  under  the  cylinder.  In  this  manner  the  Operation  may 
be  performed  easily  and  without  soiling  the  hands  with  the  solution  of  potassa. 
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monia  at  the  beginning  of  the  decomposition  ; a portion  of  it  enters  into 
combination  with  part  of  the  carbon,  forming  cyanogen,  wbich  then  combines, 
eitlier  as  such,  with  the  alkali  metal,  or  in  form  of  cyanic  acid,  with  the 
alkali.  Direct  experiments  have  proved,  however,  that  even  in  such  cases 
the  whole  of  the  nitrogen  is  ultimately  obtained  as  ammonia,  if  the 
hydrated  alkali  is  present  in  excess,  and  the  heat  applied  sufficiently  in- 
tense. 

As  in  all  organic  nitrogenous  compounds,  the  carbon  preponderates 
over  the  nitrogen,  the  oxidation  of  the  former,  at  the  expense  of  the 
water,  will  invariably  liberate  a quantity  of  hydrogen  more  than  sufficient 
to  convert  the  whole  of  the  nitrogen  present  into  ammonia  ; for  instance, 
C2N  + 4 HO=2  C02  + NH3  +H. 

The  excess  of  the  liberated  hydrogen  escapes  either  in  the  free  state,  or 
in  combination  with  the  not  yet  oxidised  carbon,  according  to  the  relative 
proportions  of  the  two  elements  and  the  temperature,  as  marsh  gas  or 
olefiant  gas,  or  as  vapor  of  readily  condensable  carbides  of  hydrogen, 
which  gases  serve  in  a certain  measure  to  dilute  the  ammonia.  As  a cer- 
tain  dilution  of  that  product  is  necessary  for  the  success  of  the  Operation, 
I will  here  at  once  state  that  it  may  be  produced  at  pleasure  by  adding  to 
substances  abounding  in  nitrogen,  a greater  or  less  proportion  of  a non- 
nitrogenous  body,  as  sogar,  for  instance.  The  ammonia  is  determined, 
by  receiving  it  in  hydrochloric  acid,  Converting  the  cliloride  of  ammonium 
formed  into  bichloride  of  platinum  and  cliloride  of  ammonium,  which 
is  then  either  weighed  at  once,  or  ignited,  and  its  quantity,  respectively  that 
of  the  ammonia  and  of  the  nitrogen,  calculated  from  the  residuary  metallic 
platinum.  Many  nitrogenous  organic  compounds  give  upon  ignition  with 
soda-lime  no  ammonia,  but  yield  other  nitrogenous  volatile  bases  free  from 
oxygen  ; thus  indigo  blue  yields  aniline ; narcotine,  morphia,  quinine,  and 
cinchona  yield  new  volatile  bases.  All  these  volatile  bases  have,  like  am- 
monia,  the  property  of  forming  double  salts  with  hydrochloric  acid  and 
bichloride  of  platinum.  Now,  it  would  be  committing  a serious  blunder 
to  take  these  double  salts  for  arnmonio-bicbloride  of  platinum,  weigh  tbem 
as  such,  and  calculate  the  nitrogen  from  the  weiglit  found.  By  ignitiug 
them,  and  calculating  the  nitrogen  from  the  residuary  metallic  platinum, 
all  error  is  avoided,  as  these  bases,  like  ammonia,  contain  in  the  double  salts 
which  tliev  form  with  bichloride  of  platinum,  to  every  one  equivalent  of 
platinum  one  equivalent  of  nitrogen. — ( Liebig .)  The  other  parts  of  the 
practical  process  (the  collection  and  determination  of  the  ammonia)  re- 
quire  no  theoretical  explanation. 

aa.  Apparatus  and  other  objects  required  for  the  process. 

l.  The  objects  enumerated  § 142,  2,  9,  and  12. 

2.  A Combustion  tube  of  the  kind  described  § 142,  3 (with  point 
at  the  farther  end,  and  rounded  edges  at  the  mouth)  ; lengtli  about  40  cen- 
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timeters,  with  about  12  millimeters.  The  combustion  is  effected  in  a 
common  combustion  furnace  (§  142,  13). 

3.  Soda-lime.  A mixture  of  caustic  lime  with  hydrate  of  soda,  § 4ö, 
4.  It  is  advisable  to  heat  a sufficient  quantity  of  the  soda-lime  to  fill 
the  combustion  tube,  gently  in  a platinum — or  porcclain — dish,  in  order 
to  obtain  it  perfectly  dry  for  the  process  of  combustion.  In  the  analysis 
of  non-volatile  substances,  the  best  way  is  to  use  the  soda-lime  while 
still  warm. 

4.  Asbestos.  A small  portion  of  this  substance  is  ignited  in  a plati- 
num crucible  previously  to  use. 

5.  A Varrentrapp  and  Will’s  bulb  apparatus,  as  illustrated  in 
Fig.  84. 


Fig.  84. 


This  may  be  procured  at  any  Chemical  apparatus  and  instrument  ware- 
house.  It  is  filled  with  hydrochloric  acid  of  1*13  specific  gravity  to  the 
extent  indicated  in  the  engraving,  either  by  dipping  the  point  into  the 
acid,  and  sucking  at  d,  or  by  means  of  a pipette. 

6.  A soft,  well-perforated  cork,  which  fits  the  combustion  tube  air- 
tight,  and  in  which  the  tube  d of  the  bulb  apparatus  fits  closely. 

7.  A suction  tube  filled  with  hydrate  of  potassa,  and  closed  at  the 
anterior  end  with  a perforated  cork,  through  which  the  point  of  the  bulb 
apparatus  passes. 

The  reagents,  &c.,  required  for  the  ulterior  treatment  of  the  fluid  ob- 
tained  in  the  process  of  combustion,  are  omitted  here,  as  it  is  not  neces- 
sary  to  liave  them  ready  at  the  beginning  of  the  Operation. 

bb.  The  process. 

The  combustion  tube  is  half  filled  with  soda-lime,  which  is  then  gra- 
dually  transferred  to  the  perfectly  dry,  and,  if  the  nature  of  the  sub- 
stance  permits,  still  warm  mortar,  where  it  is  most  intimately  mixed  with 
the  weighed  substance  (compare  § 143),  forcible  pressure  being  carefully 
avoidcd  ; a layer  of  soda-lime,  about  3 centimeters  in  length,  is  now 
introduced  into  the  posterior  part  of  the  combustion  tube,  and  the  mixture 
filled  in  after  ; the  latter,  which  will  occupy  about  20  centimeters  of  the 
length  of  the  tube,  is  followed  by  a layer  of  abour  4 or  5 centimeters 
of  soda-lime,  which  has  been  used  to  rinse  tbe  mortar,  and  this  again  by 
a layer  of  about  10  or  12  centimeters  of  pure  soda-lime,  leaving  about 
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3 centimeters  unoccupied.  The  tube  is  closed  with  a plug  of  loose 
asbestos,  and  a canal  for  the  free  passage  of  the  evolved  gases  formed 
by  a few  gentle  taps ; it  is  tlien  connected  with  the  bulb  apparatus  by 
means  of  the  perforated  cork,  and  ultimately  placed  in  the  combustion 
furnace  (see  Fig.  84). 

To  ascertain  whether  the  apparatus  closes  air  tight,  some  air  is  expelled 
by  holding  a piece  of  red-hot  charcoal  to  the  bulb  a,  and  watching  whether 
the  liquid,  upon  cooling,  assumes  permanently  a higher  position  in  a than 
in  the  other  limb.  This  being  satisfactorily  done,  the  tube  is  gradually  sur- 
rounded  with  ignited  charcoal,  commencing  at  the  anterior  part,  and  pro- 
gressing  slowly  to  the  pointed  end,  the  Operation  being  conducted  exactly 
as  in  a common  combustion  (§  143).  Care  must  be  taken  to  keep  the 
anterior  part  of  the  tube  tolerably  hot  throughout  the  process,  since  this 
will  almost  entirely  prevent  the  formation  of  liquid  carbides  of  hydrogen, 
the  presenee  of  which  in  the  hydrochloric  acid  would  be  inconvenient.  The 
asbestos  should  be  kept  sufficiently  hot  to  guard  against  its  retaining  water, 
and  with  it,  ammonia.  The  combustion  should  be  conducted  so  as  to 
maintain  a steady  and  uninterrupted  evolution  of  gas  ; there  is  no  fear  of 
any  ammonia  escaping  unabsorbed,  even  if  the  evolution  is  rather  brisk  ; 
whilst  the  analysis  runs  some  risk  from  the  receding  of  the  hydrochloric 
acid  which  inevitably  takes  place  the  very  moment  the  gas  evolution  stops, 
and  this  in  some  instances  with  such  impetuosity  as  to  force  the  acid  into 
the  combustion  tube,  which  of  course  spoils  the  whole  analysis.  When 
operatiug  upon  compounds  abounding  in  nitrogen,  even  the  greatest 
care  in  conducting  the  combustion  process  will  prove  unavailing  against 
the  powerful  affinity  of  the  hydrochloric  acid  for  the  ammoniacal  gas 
in  the  tube.  This  may  be  readily  prevented,  however,  by  mixing  with 
the  substance  an  equal  amount  of  sugar,  which  will  give  rise  to  the  evolu- 
tion of  other  and  more  permanent  gases  diluting  the  ammonia. 

When  the  tube  is  ignited  in  its  whole  length,  and  the  evolution  of  gas  has 
totally  ceased,*  the  point  of  the  combustion  tube  is  broken  jff,  and  a 
certain  volume  of  air  (three  or  four  times  the  capacity  of  the  tube)  is 
drawn  through  the  apparatus,  to  force  the  last  traces  of  ammonia  into 
the  hydrochloric  acid  ; to  guard  against  the  inhalation  of  acid  fumes,  the 
suction  tube  filled  with  hydrate  of  potassa  or  a small  aspirator  is  used. 

Fluid  nitrogenous  compounds  are  weighed  in  small  sealed  glass  bulbs, 
and  the  process  is  conducted  as  directed  § 14!)  (determination  of  carbon), 
with  this  difference,  tliat  soda-lime  is  substituted  for  oxide  of  copper.  Tt 
is  advisable  to  employ  tubes  of  greater  length  for  the  combustion  of  fluids 
than  are  required  for  solid  nitrogenous  bodies.  The  best  method  of 

* This  is  indicated  by  the  white  color  which  the  mixture  re-assumes  when  the  carbon 
deposited  on  the  surface  is  complctely  oxidised. 
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conducting  the  Operation  is,  in  the  first  place,  to  heat  about  one-third  of 
the  tube  at  the  anterior  end,  and  then  to  force  the  liquid  from  the  bulbs 
into  the  tube  by  heating  the  posterior  end  of  the  latter  ; the  expelled  liquid 
will  thus  become  diffused  in  the  central  part  of  the  tube  without  being 
decomposed.  By  a progressive  application  of  heat,  proceeding  slowly 
from  the  anterior  to  the  posterior  end,  a steady  and  uniform  evolution  of 
gas  may  be  easily  maintained. 

When  the  combustion  is  terminated,  the  bulb  apparatus  is  emptied 
through  the  aperture  at  the  point,  into  a small  porcelain  dish,  and  then 
rinsed  with  water  until  the  rinsings  cease  to  manifest  acid  reaction.  lf 
liquid  carbides  of  hydrogen  have  been  formed,  the  fluid  is  passed  through 
a moistened  filter  to  separate  them.  Solution  of  pure  bichloride  of  pla- 
tinum  * in  excess,  is  added  to  the  filtrate,  and  the  mixture  evaporated  to 
dryness  on  a water-bath  (§  24,  Fig.  20) ; the  residue  is  treated  with  a 
mixture  of  two  volumes  of  strong  alcohol  and  one  volume  of  ether.  If 
the  fluid  acquires  a bright  yellow  color,  this  may  be  taken  as  a proof 
that  the  quantity  of  bichloride  of  platinum  added  was  suflicient  for  the 
intended  purpose ; if  not,  a fresh  portion  of  that  substance  (best  in  alco- 
holic  solution)  must  be  added. f The  residuary  double  salt  of  bichloride 
of  platinum  and  chloride  of  ammonium  is  finally  collected  upon  a tarcd 
Alter,  which  lias  been  dried  at  212°,  washed  with  the  above-mentioned 
mixture  of  alcohol  and  ether,  dried,  and  weighed  (compare  § 78).  The 
dried  Alter  is  weighed  best  between  two  close-fltting  watch-glasses 
held  together  by  a clasp  (Fig. 

85).  The  bichloride  of  pla- 
tinum and  chloride  of  ammo- 
nium so  obtained  is  not  inva- 
riably  of  a pure  bright  yellow 
color,  but  sometimes  of  a darker 
or  brownisli  yellow.  This  is  the 
case  more  especially  with  diffi- 
cultly  combustible  substances 


Fig.  85. 


* If  the  bichloride  of  platinum  contains  an  admixture  of  chloride  of  potassium  or  chloride 
of  ammonium,  an  excess  of  nitrogen  is  the  result ; if  it  contains  an  admixture  of  nitric  acid, 
this  will,  during  the  evaporation,  cause  the  formation  of  chlorine  and  the  consequent  destruc- 
tion  of  a portion  of  the  amraonia,  and  accordingly  too  little  nitrogen  will  be  obtained.  It  is 
therefore  always  necessary  to  ascertain  the  purity  of  the  bichloride  of  platinum  used. 

•J*  As  the  double  salts  of  platinum  with  some  of  the  volatile  bases  produced  in  the  decom- 
position  of  many  nitrogenous  organic  substances  (see  above),  are  more  readily  soluble  in 
alcohol  than  ammonio-bichloride  of  platinum  (bichloride  of  platinum  and  chloride  of  ammo- 
nium), ether  mixed  with  a few  drops  of  alcohol  is  used  as  washing  fluid,  instead  of  the 
mixture  of  alcohol  and  ether,  if  there  is  rcason  to  suppose  that  such  double  salts  of  platinum 
are  present. 
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abounding  in  carbon,  as  in  such  cases  it  is  less  easy  to  avoid  the 
formation  of  fluid  carbides  of  hydrogen,  which  blacken  during  the 
evaporation  of  the  hydrochloric  acid.  Direct  experiments  have  proved, 
however,  that  tliis  coloration  does  not  perceptibly  irapair  the  accuracy  of 
the  results.  The  purity  of  the  bichloride  of  platinum  and  chloride  of 
ammonium  maybe  ascertained  by  reducing  it  to  metallic  platinum,  accord- 
ing  to  the  directions  given  in  § 78. 

The  results  are  very  accurate  ; usually  somewhat  too  low  rather  than 
too  high  (about  from  (hl  to  0‘2  per  cent.),  which  is  owing  to  traces  of 
chloride  of  ammonium  escaping  condensation  in  the  absorption  apparatus, 
and  being  carried  off  with  the  permanent  gases,  as  is  observed  in  every 
analysis  of  the  kind.  If,  as  is  sometimes  the  case,  the  results  are  too 
high,  tliis  is  principally  owing  to  the  impurity  of  the  bichloride  of  pla- 
tinum used. 


y.  Peligof  s modification  of  Varrentrapp  and  WilVs  Method. 

§ 155. 

The  essential  part  of  this  modification  consists  in  this,  that  the  arnmo- 
nia  generated  in  the  process  of  combustion  with  soda-lime,  instead  of 
being  conducted  into  hydrochloric  acid,  is  received  in  a measured  quantity 
of  sulphuric  acid  of  known  strength ; the  amount  of  free  acid  remaining 
is  then  determined,  by  neutralising  with  an  alkaline  fluid  (solution  of 
lime  in  sugar  water,  or  dilute  solution  of  soda)  ; from  this  is  calculated 
the  amount  of  acid  saturated  by  the  ammonia,  and  accordingly  also  the 
quantity  of  the  latter  (compare  § 78,  3). 

The  apparatus  is  the  same  as  in  ß . (Fig.  84).  The  sulphuric  acid 
is  measured  into  a beaker ; the  point  of  the  bulb  apparatus  is  then 
immersed  in  the  acid,  and  as  much  as  possible  of  the  latter  drawn  into 
the  bulb  ; the  acid  adhering  to  the  point  is  rinsed  off.  When  the  com- 
bustion is  completed  the  bulb-apparatus  is  emptied  into  the  same  beaker 
and  properly  rinsed ; the  fluid  is  then  neutralised.  The  sulphuric  acid 
intended  for  the  process  is  prepared  by  ad  ding  66  grammes  of  sulphuric 
acid  to  1000  c.  c.  of  water;  20  c.  c.  of  the  mixture,  which  is  about  the 
quantity  required,  contains  about  one  gramme  of  sulphuric  acid.  The 
exact  strength  of  the  mixture  is  determined  by  precipitation  with 
chloride  of  barium.  The  dilute  solution  of  soda  is  best  prepared  of  the 
strength  that  five  degrees  of  it  neutralise  one  degree  of  the  acid.  Solu- 
tion of  potassa  may  be  used  instead  of  soda. 

This  method  gives  very  satisfactory  results,  though  not  quite  so  accurate 
as  ß. ; but  it  takes  much  less  time,  and  is  particularly  well  adapted 
for  commercial  investigations. 
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C.  Analysis  of  organic  compounds  containing  sulphur. 

§ 156. 

The  usual  method  of  determining  the  carbon  in  organic  bodies,  viz.,  by 
combustion  with  oxide  of  copper  or  cbromate  of  lead,  would  give  results 
too  bigb  in  tbe  analysis  of  compounds  containing  sulphur  ; since — more 
especially  if  oxide  of  copper  is  used  as  oxidising  agent — a portion  of  tbe 
sulphur  would  be  converted  in  the  process  into  sulphurous  acid,  which 
would  be  absorbed  with  the  carbonic  acid  in  the  potass-apparatus.  To 
remedy  this  defect  a tube  from  ten  to  twelve  centimeters  long,  filled 
with  perfectly  dry  binoxide  of  lead,  is  placed  between  the  chloride  of  cal- 
cium tube  and  the  potass-apparatus.  The  binoxide  of  lead  absorbs  the 
sulphurous  acid,  and,  transposing  with  it,  is  converted  into  sulphate  of 
lead  (Pb  02  + S02  = Pb  0,  S03) ; and  thus  the  carbonic  acid  alone  finds 
its  way  to  the  potass-apparatus.  No  sulphurous  acid  remains  in  the 
chloride  of  calcium  tube,  if  the  latter  is  left  undisturbed  until  the 
water  combining  with  it,  has  formed  crystallised  chloride  of  calcium. 
It  is  advisable  after  this  to  draw  some  dried  air  through  the  tube.  The 
presence  of  sulphur  exercises  no  modifying  influence  upon  the  methods 
described  §§  153,  154,  and  155,  for  the  determination  of  nitrogen.  As 
regards  the  quantitative  estimation  of  the  sulphur  in  organic  compounds, 
that  element  is  invariably  weighed  in  the  form  of  sulphate  of  baryta,  into 
which  it  may  be  converted  either  in  the  dry  or  in  the  moist  way  ; the 
former,  however,  is  preferable  to  the  latter.  If  besides  sulphur  the  sub- 
stance  also  contains  oxygen,  the  quantity  of  the  latter  element  is  calculated 
from  the  loss. 

a.  Methods  in  the  dry  way. 

1 . Method  applicable,  more  particularly,  to  determine  the  sulphur  iti 
non-volatile  substances  poor  in  sulphur,  e.  g.  in  the  so-called  Proteine 
compounds  ( Liebig ). 

Put  some  lumps  of  hydrate  of  potassa  (free  from  sulphuric  acid)*  into 
a capacious  silver  dish,  add  one-eightli  part  of  pure  nitrate  of  potassa, 
and  fuse  the  mixture,  with  addition  of  a few  drops  of  water.  When  the 
mass  is  cold,  add  to  it  a weighed  quantity  of  the  finely  pulverised  sub- 
stance,  fuse,  stir  with  a silver  spatula,  and  increase  the  heat,  continuing 
the  Operation  until  the  white  color  of  the  mass  shows  that  the  carbon  sepa- 
rated  at  first  has  been  completely  consumed.  Should  this  occupy  too 
much  time,  you  may  accelerate  it  by  the  addition  of  nitrate  of  potassa 
in  small  portions.  "When  the  mass  is  cold  dissolve  it  in  water,  super. 

* This  is  prepared  by  trcating  the  common  hydrate  of  potassa  with  alcohol,  evaporating 
the  uppcr  stratum  of  the  fluid — the  alcoholic  solution  of  hydrate  of  potassa — in  a silver  dish 
to  dryness,  and  fusing. 
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saturate  tlie  solution  witli  hydrochloric  acid  in  a capacious  beaker  covcred 
with  a glass  disli,  and  precipitate  with  chloride  of  barium.  Wash  the 
precipitate  well  witli  boiling  water,  first  by  decantation,  then  on  the  filter. 
Dry  and  ignite.  Treat  tlie  ignited  sulphate  of  baryta  as  directed  page 
223,  from  line  1 at  tlie  top ; if  tliis  latter  Operation  is  neglected  tlie  result 
is  almost  always  too  high. 

2.  Method  adopted  more  particularly  for  the  ancihjsisof  non-volatile  or 
difjlcultly  volatile  substances  containing  more  than  5 per  cent  of  sulphur 
{Kolbe — Supplemente  zum  Handwörterbuch,  S.  205). 

Introduce  into  the  posterior  part  of  a straight  combustion  tube,*  from 
40  to  45  centimeters  long,  a layer,  7 to  8 centimeters  long,  of  an  intimate 
mixtnre  of  eight  parts  of  pure  anhydrous  carbonate  of  soda  and  one  part  of 
pure  clilorate  of  potassa  ; after  tliis  introduce  the  weighed  substance  to  be 
analysed,  and  then  auother  layer  7 or  8 centimeters  long  of  the  same  mix- 
ture  ; mix  the  organic  compound  intimately  with  the  carbonate  of  soda 
and  chlorate  of  potassa,  by  means  of  tlie  mixing  wire  (Fig.  75),  to  ensure 
its  equal  distribution  through  the  entire  mass  ; fill  up  the  still  vacant  part 
of  the  tube  with  anhydrous  carbonate  of  soda  or  potassa  mixed  with  a little 
chlorate  of  potassa.  Free  a wide  passage  above  the  mixture  by  a few 
gentle  taps,  place  the  tube  in  a combustion  furnace,  lieat  the  anterior  part 
to  redness,  and  then,  progressing  slowly  towards  the  pointed  eud,  proceed 
to  surround  with  red-hot  charcoal  the  part  also  wliich  contaius  the  organic 
compound.  In  the  analysis  of  substances  abounding  in  carbon  it  is  advisable 
to  introduce  into  the  posterior  part  of  the  tube  a few  lumps  of  pure  clilorate 
of  potassa,  to  ensure  the  complete  combustion  of  the  carbon,  and  the  per- 
fect conversion  into  sulphates  of  the  compounds  of  potassa  with  the  lower 
oxides  of  sulphur  tliat  may  liave  formed.  The  sulpliuric  acid  in  the 
contents  of  the  tube  is  determined  as  in  1. 

3.  Method  adapted  for  the  analysis  both  of  non-volatile  and  volatile 
substances,  but  more  especially  the  latter  {Debus — Annal.  d.  Chem.  und 
Pharm.  76,  90). 

Dissolve  one  equivalent  (149  parts)  of  bicliromate  of  potassa  purified  by 
recrystallisation,  and  two  equivalents  of  carbonate  of  soda  (106  parts),  in 
water,  evaporate  the  solution  to  dryness,  reduce  the  lemon-colored  saline 
mass  (KO,  Cr03-fNaO,  Cr03-fNaO,  C02)  to  powder,  heat  to  intense 
redness  in  a hessian  crucible,  and  transfer  it  still  hot  to  a filling  tubef 
(Fig.  73).  When  the  powder  is  cold  introduce  a layer  of  it,  from  7 to 
1 0 centimeters  long,  into  a common  combustion  tube ; introduce  the  sub- 


* Sealed  and  rounded  at  the  end  like  a test  tube. 

+ The  saline  mass  must  always  first  be  tested  whether  it  is  quite  free  from  sulphur.  For  this 
purpose  a small  portion  of  it  is  reduced  with  hydrochloric  acid  and  alcohol,  chloride  of  barium 
added,  and  the  mixture  allowed  to  stand  twelve  hours  at  rest ; it  is  then  carefully  examined 
to  ascertain  whether  or  not  traces  of  a precipitate  are  visible. 
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stance,  and  then  another  layer  from  7 to  10  centimeters  long  of  the 
powder.  Mix  the  substance  intimately  witli  the  latter  by  means  of  the 
mixing  wire  (Fig.  75)  ; fill  the  empty  part  of  the  tube  with  the  pow- 
der of  carbonatej  of  soda  and  the  chromates  of  soda  and  potassa ; heat 
as  in  a common  elementary  analysis.  When  the  entire  mass  is  heated 
to  redness,  conduct  a slow  stream  of  dry  oxygen  gas  over  it  for  from 
half  an  hour  to  one  hour.  When  cold  brush  the  ashes  off  the  tube, 
cut  it  into  several  pieces  over  a sheet  of  paper,  place  in  a beaker, 
and  pour  over  them  a sufficient  quantity  of  water  to  dissolve  the  saline 
mass.  Add  hydrochloric  acid  in  tolerable  excess,  then  some  alcohol, 
and  apply  a gentle  heat  until  the  solution  shows  a beautiful  green 
color  ; filter  the  fluid  from  the  sesquioxide  of  chromium  produced  by  the 
combustion  (which  contains  sulphuric  acid),  wash  with  water  containing 
hydrochloric  acid,  then  with  alcohol,  dry,  and  transfer  the  dry  sesquioxide 
of  chromium  to  a platinum  crucible  ; add  the  filter  ash,  mix  with  one  part 
of  chlorate  and  two  parts  of  carbonate  of  potassa  (or  soda),  and  ignite 
until  the  sesquioxide  of  chromium  is  completely  converted  into  chromate 
of  potassa.  Dissolve  the  fused  mass  in  dilute  hydrochloric  acid,  and  reduce 
by  heating  with  alcohol ; add  the  solution  to  the  fluid  filtered  from  the 
sesquioxide  of  chromium,  heat  the  mixture  to  boiling,  and  precipitate 
the  sulphuric  acid  with  chloride  of  barium.  Debus  obtained  by  this 
method  very  satisfactory  results  (99*76  and  99*50  instead  of  100  of  sul- 
phur)  in  the  experimental  analysis  of  substances  of  known  composition ; 
thus  he  obtained  30*2  of  sulpliur  in  the  Xanthogenamide,  instead  of 
30*4,  &c. 

4.  Heinz  burns  substances  poor  in  sulphur  with  oxide  of  copper  in 
excess,  conducts  the  gases  evolved  through  solution  of  potassa,  and  after 
the  combustion,  treats  both  the  oxide  of  copper  and  the  solution  of  potassa 
with  hydrochloric  acid  and  chlorate  of  potassa,  and  precipitates  with  chlo- 
ride of  barium.  I do  not  tliink  this  process  possesses  any  advantage  over 
Debus' s method.  A description  of  it,  and  also  of  another  method  which 
Heinz  employs  in  the  analysis  of  substances  rieh  in  sulphur,  will  be 
found  in  Poggend.  Annal.  85,  424  ; also  in  the  Pharm.  Centralblatt,  1852, 
536. 

b.  Method  in  the  moist  wag. 

1.  Treat  the  substance  under  examination  with  red  fuming  nitric  acid, 
or  with  a mixture  of  nitric  acid  and  chlorate  of  potassa,  until  the  whole  of 
the  substance  is  oxidised  ; towards  the  end  of  the  process  the  action  of 
the  oxidising  agents  may,  if  necessary,  be  aided  by  the  application  of 
heat.  Yolatile  organic  Compounds  containing  sulphur  are  weighed  in  a 
small  glass  bulb  (§  149),  the  point  of  the  latter  is  broken  off  and,  together 
with  the  bulb,  dropped  into  a tall  narrow-necked  flask  containing  the 
strongest  red  fuming  nitric  acid.  The  action  of  the  acid  proceeds  slowly 
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since  it  is  compelled  to  force  its  way  through  the  narrow  aperture  at 
the  point  of  the  bulb ; by  placing  the  flask  in  an  oblique  position,  and 
taking  care  to  keep  the  neck  cool,  the  Operation  may  be  performed 
witliout  suffering  the  sligbtest  loss  of  substance.  The  nitric  acid 
whicb  now  contains  the  sulphuric  acid  formed  in  the  process,  is  treated 
according  to  the  directions  given  in  § 105,  1.  The  application  of  this 
metbod  requires  the  greatest  care,  as,  in  the  analysis  of  many  organic 
substances,  cornplete  oxidation  of  the  sulphur  is  not  attained  by  this  pro- 
cess. Sorby  has  determined  the  sulphur  in  many  plants  and  parts  of 
plants  by  boiling  with  nitric  acid. 

2.  According  to  Beudant , Daguin  and  Rivot,  the  sulphur  in  organic 
compounds  may  be  readily  determined,  by  heating  with  solution  of  potassa, 
and  conducting  chlorine  iuto  the  fluid.  When  the  oxidation  is  effected, 
the  acidified  solution  is  freed  from  the  excess  of  chlorine  by  heat,  then 
filtered,  and  the  filtrate  precipitated  with  chloride  of  barium  (Pharm. 
Centralblatt,  1854,  41).  I have  not  yet  tried  this  method. 

***  Substances  leaving  ashes  on  incineration,  and  which  may  therefore 
be  presumed  to  contain  sulphates,  are  boiled  with  hydrochloric  acid  ; the 
solution  obtained  is  filtered,  and  the  filtrate  tested  with  chloride  of  barium. 

If  a precipitate  of  sulphate  of  baryta  forms,  the  sulphur  contained  in  it 
is  deducted  from  the  quantity  found  by  one  of  the  methods  described 
above  ; the  difference  gives  the  quantity  of  the  sulphur  which  the  analysed 
substance  contains  in  organic  combination. 

D.  Determination  of  phosphorus  in  organic  compounds. 

§ 157. 

Mulder,  who  has  occupied  himself  more  than  any  other  chemist  with  the 
determination  of  phosphorus  in  organic  substances,  recommends  the  fol- 
lowing  method  : 

Dissolve  a weighed  portion  of  the  substance  by  boiling  with  hydrochloric 
acid  ; filter,  if  necessary,  and  determine  the  phosplioric  acid  which  the 
fluid  may  contain  by  Berthier’s  method  (§  106,  I.  c.).  Boil  another 
weighed  portion  of  the  substance  with  nitric  acid,  and  treat  the  fluid  in 
the  same  way  as  the  hydrochloric  acid  solution.  If  you  find  in  both  the 
same  percentage  amount  of  phosplioric  acid,  the  analysed  substance  con- 
tains the  phosphorus  only  in  the  form  of  phosplioric  acid ; but  if  you 
obtain  a larger  proportion  of  acid  in  the  second  experiment  than  in  the 
first,  the  difference  indicates  the  quantity  of  phosplioric  acid  formed  by 
the  action  of  the  nitric  acid  upon  phosphorus  contained  in  the  analysed 
compound  in  the  non-oxidised  state.  Thus,  e.  g.  Mulder  found  in  caseine 
in  both  experiments  3-5  per  Cent  of  phosplioric  acid,  whilst  in  the  case  of 
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albumen  the  hydrochloric  acid  solution  gave  0'35  per  cent,  the  nitric  acid 
solution  0-78  per  cent  of  tliat  acid. 

The  phosphorus  cannot  be  determined  by  incineration  of  the  substance 
and  examination  of  the  ashes.  Vitellin,  which  when  treated  vvith  nitric 
acid  gives  three  per  cent  of  phosphoric  acid,  yields  barely  0*3  per  cent  of 
ash  ( Baumhauer ). 

The  methods  described  in  § 156,  a.  1 and  2,  may  also  be  cmployed  to 
determine  the  total  quantity  of  phosphorus  in  organic  Compounds. 

E.  Analysis  of  organic  compounds  containing  chlorine. 

§ 158. 

The  combustion  of  organic  compounds  containing  chlorine,  with  oxide 
of  copper  gives  rise  to  the  formation  of  subchloride  of  copper,  which, 
vvere  the  process  conducted  in  the  usual  manner,  would  condense  in  the 
chloride  of  calcium  tube,  and  would  tlius  vitiate  the  determination  of  the 
hydrogen.  This,  and  every  other  defect  may  be  readily  remedicd,  however, 
by  substituting  chromate  of  lead  for  oxide  of  copper,  and  conducting  the  pro- 
cess exagfly  as  directed  § 145.  The  chlorine  is,  in  that  case,  converted 
into  chloride  of  lead,  and  remains  in  that  form  in  the  combustion  tube. 

If  the  combustion  is  effected  with  oxide  of  copper  in  a stream  of  oxygen 
gas,  the  subchloride  of  copper  formed  is  decomposed  by  the  oxygen  into 
oxide  of  copper  and  free  chlorine,  which  latter  element  is  retained  partly  in 
the  chloride  of  calcium  tube,  partly  in  the  potass-apparatus.  To  remedy 
this  defect,  Stäcleler*  proposes  to  retain  the  chlorine  in  the  tube,  by  filling 
the  anterior  part  of  the  latter  with  clean  copper  turnings,  to  be  kept  red 
hot  during  the  process  of  combustion,  and  arresting  the  stream  of  oxygen 
the  moment  the  copper  turnings  begin  to  oxidise.  According  to  d. 
Völcker the  evolution  of  chlorine  may  be  avoided,  by  adding  to  the 
oxide  of  copper  one-fifth  part  of  oxide  of  lead. 

As  regards  the  determination  of  the  chlorine  in  organic  compounds  con- 
taining that  element,  this  is  invariably  effected  by  igniting  the  substance  with 
alkalies,  or  alkaline  earths,  by  which  process  all  the  chlorine  is  obtained  as 
metallic  chloride. 

Lime  free  from  chlorine  (which  is  easily  obtained  by  the  calcination  of 
marble)  is  usually  employed  as  a decomposing  agent ; the  lime  used 
must  always  be  carefully  tested,  to  make  quite  sure  that  it  coutains  no 
chlorine. 

Introduce  into  a combustion  tube,  about  40  centimeters  long,  the  pos- 
terior end  of  which  is  rounded  like  a test  tube,  a layer  of  lime,  6 centimeters 
long,  then  introduce  the  substance,  then  another  layer  of  lime,  6 centi- 
meters long,  and  mix  intimately  with  the  wire  (Fig.  7 5)  ; fill  the  tube 

* Annal.  der  Chem.  und  Pharm.  (39,  335.  t Chem.  Gaz.  1849,245. 
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almost  to  the  moutli  with  lime,  open  a free  passage  aboYe  the  contents,  by 
a few  gentle  taps,  and  apply  lieat  in  the  usual  way.  If  you  have  to  operate 
upon  volatile  fluids,  introduce  tliem  into  the  tube  in  small  glass  bulbs. 
When  the  decomposition  is  terminated,  dissolve  in  dilute  nitric  acid, 
and  precipitate  with  solution  of  nitrate  of  silver  (§  112).  Kolbe  recom- 
mends  the  lollowing  process  to  obtain  the  contents  of  the  combustion 
tube  : when  the  decomposition  is  completed,  remove  the  charcoal,  insert  a 
cork  into  the  open  end  of  the  tube,  brush  away  every  particle  of  ash,  and 
immerse  the  tube  still  hot,  with  the  sealed  end  downwards,  into  a beaker 
hlled  two-thirds  with  distilled  water  ; the  tube  breaks  into  many  pieces,  and 
the  contents  are  then  more  readily  acted  upon. 

In  the  analysis  of  acid  organic  compounds  containing  chlorine  (e.g.  chlo- 
rospiroylic  acid),  the  chlorine  may  often  be  determined  in  a simpler  manner, 
viz.,  by  dissolving  the  substance  under  examination  in  an  excess  of  dilute 
solution  of  potassa,  evaporating  to  dryness,  and  igniting  the  residue,  by 
which  means  the  whole  of  the  chlorine  present  is  converted  into  a soluble 
chloride.  ( Löivig .) 

Organic  compounds  containing  bromine  are  aualysed  in  the  same  manner 
as  those  containing  chlorine. 


F.  Analysis  of  organic  compounds  containing  inorganic 

BODIES. 

§ 159. 

In  the  analysis  of  organic  compounds  containing  inorganic  bodies,  it  is, 
of  course,  necessary  first  to  ascertain  the  weight  of  the  latter  before  pro- 
ceeding  to  the  determination  of  the  carbon,  &c.,  as  otherwise  the  amount 
of  the  organic  substance,  whose  constituents  have  furnished  the  carbonic 
acid,  water,  &c.,  not  being  known,  it  would  be  impossible  to  estimate  the 
quantity  of  the  oxygen  from  the  loss. 

If  the  organic  bodies  in  question  are  salts  or  similar  compounds,  their 
bases  are  determined  by  the  methods  given  in  the  fourtli  section ; 
but  in  cases  where  the  inorganic  admixtures  are  of  a nature  to  be  re- 
garded  more  or  less  as  impurities  (e.  g.  lime  in  gum  arabic),  they  may 
usually  be  determined  with  sufficient  accuracy  by  the  combustion  of  a 
weigbed  portion  of  the  substance  in  an  obliquely  placed  platinum  crucible. 
In  the  analysis  of  substances  containing  fusible  salts,  even  long  continued 
ignition  will  often  fail  to  effect  complete  combustion,  as  the  carbon  is  pro- 
tected  by  the  fused  salt  from  the  action  of  the  oxygen.  In  such  cases, 
the  best  way  to  effect  the  purpose  is  to  carbonise  the  substance,  treat 
the  mass  with  water,  and  incinerate  the  undissolved  residue  ; the  aqueous 
solution  is,  of  course,  likewise  evaporated  to  dryness,  and  the  weight  of  the 
residue  added  to  that  of  the  aslies.  (Compare  Special  Part  “ Analysis  of 
Ashes.”) 
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If  organic  Compounds  containing  potassa,  soda,  baryta,  lime,  or 
strontia,  are  burnt  with  oxide  of  copper,  part  of  the  carbonic  acid  evolved 
remainscombined  with  the  alkalies  or  eartbs.  As,  in  many  cases,  the  arnount 
of  carbonic  acid  thus  retained  is  not  constant,  and  the  results  are,  at  all 
events,  more  accurate,  if  the  whole  amount  of  the  carbon  is  expelled  and 
determined  as  carbonic  acid,  the  oxide  of  copper  is  mixed  with  substances 
which  will  effect  the  decomposition  of  the  carbonates  at  a high  tempera- 
ture,  e.  g.  with  teroxide  of  antimony,  phosphate  of  copper,  boracic  acid 
( Fremy ),  &c. ; or  the  combustion  is  effected  with  chromate  of  lead  according 
to  the  directions  given  in  § 145  ; the  latter  method  deserves  the  preference. 
Accurate  experiments  have  shown  that  in  a combustion  elfected  with 
chromate  of  lead,  not  a trace  of  carbonic  acid  remains  with  the  bases, 
since,  if  carbonate  of  an  alkali  (or  of  an  alkaline  earth)  is  fused  with  neutral 
chromate  of  lead — basic  chromate  of  lead,  and  a neutral  chromate  of  the 
alkali  (or  earth)  is  formed,  and  the  carbonic  acid  escapes  [2(PbO,  Cr03) 
+ Ba0,C02  = 2 PbO,  Cr  03  + BaO,  Cr  03+C02.] 

If,  as  is  always  done  by  Wühler,  the  organic  substance  containing  such 
fixed  constituents,  is  weighed  in  a small  platiuum  boat  (Fig.  86),  the  ashes, 
the  carbon,  and  the  hydrogen,  may  be  determined  in  one  and  the  same 
portion  ; the  apparatus  described 
in  § 147  may  be  employed.  The 
combustion  tube  is  two-thirds  filled 
with  ignited  oxide  of  copper  ; a layer 
of  freshly  ignited  asbestos  is  intro- 
duced,  then  the  small  boat  with  the 
substance,  then  another  layer  or  plug  of  asbestos,  and  the  remainder  of 
the  tube  filled  with  oxide  of  copper.  When  the  entire  anterior  part  of 
the  tube  is  red  hot  (but  not  before),  the  part  holding  the  boat  is  very 
cautiously  heated.  The  amount  of  carbonic  acid  contained  in  the  ashes, 
is  added  to  that  fouud  by  the  process  of  combustion  ; if  the  carbonic  acid 
in  the  ashes  cannot  be  calculated,  as  with  carbonates  of  the  alkalies,  it 
may  be  determined  by  means  of  fused  biborate  of  soda  (§  110).  Many 
chemists  leave  the  space  behind  the  boat  empty. 


III.  Determination  of  the  atomic  weight  of  organic  Com- 
pounds. 

The  methods  of  determining  the  atomic  weight  of  organic  compounds 
differ  essentially  according  to  the  nature  and  properties  of  the  various 
compounds.  There  are  three  general  methods  in  use  for  tliis  purpose, 
viz. : — 

§ 160. 

1 . We  tnke  a substance  of  knoten  atomic  weight  and  determine  the 
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exact  proportional  arnount  of  it  which  forms  a definite  and  well  characte- 
rised  compound  with  the  bodxj  whose  atomic  weight  we  tuish  to  determine. 

This  method  is  pursued  in  determining  the  atomic  weight  of  the  organic 
acids  and  organic  bases,  and  of  many  indifferent  bodies  possessed  of  the 
property  of  combining  with  bases.  We  occupy  ourselves  here  simply  with 
the  analytical  process  ; the  mode  of  calculating  the  atomic  weight  from 
the  results  obtained,  will  be  found  in  the  chapter  on  the  calculation  of 
analyses. 

a.  The  atomic  weight  of  organic  acids  is  in  most  cases  determined  from 
their  respective  silver  salts,  because  the  analysis  of  these  salts  is  very 
simple,  and  there  is  almost  always  the  positive  certainty  that  the  analysed 
salt  is  not  a basic  or  hydrated  compound.  Other  salts  also  are,  however, 
frequently  used  for  the  same  purpose,  particularly  the  lead,  baryta,  and  lime 
salts  of  organic  acids.  In  the  analysis  of  the  lead  salts  of  organic  acids, 
especial  care  must  be  taken  not  to  mistake  basic  for  neutral,  nor  in  the  ana- 
lysis of  the  baryta  and  lime  salts,  hydrated  for  anhydrous  salts.  For  the 
manner  in  which  the  quantitative  determination  of  the  bases  in  question 
is  effected,  I refer  to  Section  IV. 

b.  The  atomic  weight  of  alkaloids,  forming  crystallisable  salts  with 
sulphuric  acid,  hydrochloric  acid,  or  any  other  easily  determined  acid, 
is  best  ascertained  by  estimating  the  proportion  of  the  acid  contained  in 
a weighed  arnount  of  the  salt. 

If  the  salts  do  not  crystallise,  a known  quantity  of  the  dried  alkaloid 
is  introduced  into  a drying  tube  (Fig.  87), 
which  is  then  accurately  weighed  with  its 
contents  ; a slow  stream  of  dry  hydrochloric 
acid  gas  is  transmitted  througli  the  appara- 
tus  for  some  time  (Fig.  87) ; the  tube  is  ulti- 
matelyheated  to  21 2°  (see  page36,  Fig.  13), 
and  a stream  of  atmospheric  air  transmitted 
througli  it  ; the  quantity  of  the  hydro- 
choloric  acid  absorbed  is  found  from  the  increase  in  the  weight  of  the 
tube.  The  accuracy  of  the  results  may  be  controlled  by  dissolving  the 
hydrochlorate  in  water,  and  precipitating  the  chlorine  from  the  solution, 
by  nitrate  of  silver  ( Liebig ).  The  atomic  weight  of  the  alkaloids  may 
be  determined  also  from  the  insoluble  double  salts  produced  by  pre- 
cipitating the  Solutions  of  their  liydrochlorates  with  bichloride  of  plati- 
num  ; the  double  cldorides  thus  produced  are  cautiously  ignited  (§  99), 
and  the  residuary  platinum  accurately  weighed. 

c.  In  the  case  of  indifferent  bodies,  such  as  gum,  starch,  extractive 
matter,  &c.,  there  is  usually  no  other  choice  left  than  to  determine  the 
atomic  weight  from  the  lead  compound  ; since  these  substances  either 
altogether  refuse  to  enter  into  combination  with  other  bases  besides  lead, 
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or  form  with  tliem  Compounds  only  which  it  is  impossible  to  obtain  in  a 
state  of  purity. 

§ 161. 

2.  The  density  of  tlie  vapor  of  the  compound  is  determined 
(Dumas). 

The  following  are  the  outlines  of  Dumas' s method,  which  I shall  imme- 
diately  after  proceed  to  describe  more  in  detail.  A light  glass  glohe  filled 
with  dry  air,  and  the  exact  capacity  of  which  is  afterwards  ascertained,  is  ac- 
curately  weighed  ; the  weight  of  the  air  which  the  glohe  contains  at  the  tem- 
perature,  and  atmospheric  pressure,  noted  during  the  process,  is  calcu- 
lated  and  subtracted  from  the  first  weight : the  difference  expresses  the 
weight  of  the  exhausted  vessel.  A more  than  sufficient  quantity  of  the 
substance,  the  density  of  the  vapor  of  which  it  is  intended  to  determine, 
is  then  introduced  into  the  globe,  and  exposed  to  a uniform  tempera- 
ture  exceeding  the  boiling  point  of  the  substance,  until  the  latter  is 
completely  converted  into  vapor,  and  the  excess  expelled  together 
with  the  atmospheric  air  originally  contained  in  the  globe ; it  is  then 
sealed  air-tight,  and  accurately  weighed.  The  difference  between  the 
weight  found  and  that  of  the  exhausted  globe,  expresses  the  exact  weight 
of  a volume  of  the  vapor  corresponding  to  the  capacity  of  the  globe ; 
supplying  thus  the  necessary  data  for  calculating  the  density  of  the 
vapor. 

It  is  hardlv  necessary  to  remark  that  the  volume  of  the  vapor  must  first 
he  calculated  at  the  usual  height  of  the  barometer,  and  32°  (0°  C.)  of 
the  thermometer,  and  consequently  that  the  height  of  the  barometer  and 
thermometer  must  be  correctly  noted  both  during  the  first  weighing  aud 
at  the  time  of  sealing  the  glass  globe. 

This  method  is  of  course  applicable  only  to  substances  which  volatilise 
without  suffering  decomposition.  To  obtain  accurate  results,  it  is  indis- 
pensable that  the  examined  substance  be  perfectly  pure. 

I will  now  proceed  to  describe  the  analytical  process  ; for  the  manner 
of  correcting  and  calculating  the  results,  I refer  to  the  chapter  on  the 
“ Calculation  of  Analyses.” 

a.  Apparatus  and  other  requisites. 

1.  The  substance. — From  six  to  eight  grammes  are  required.  The 
boiling  point  of  the  substance  must  be  pretty  accurately  known. 

2.  A LIGHT  GLASS  GLOBE  WITH  A LONG  AND  BENT  NECK. 

A light  globe  of  pure  glass  is  selected,  free  from  flaws,  and  holding 
from  250  to  500  cubic  centimeters  ; it  is  carefully  rinsed  with  water,  and 
then  thoroughly  dried.  After  this,  it  is  completely  exhausted,  dry  air  re- 
admitted  into  it,  and  the  same  Operation  repeated  several  times  (the  appa- 
ratus illustrated  by  Fig.  70,  § 143,  is  used  for  this  purpose).  The  neck 
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of  the  globe  is  then  softened  near  tlie  bulb,  and  drawn  out  in  the  shape 
represented  in  Fig.  88. 

The  extreme  point  is  cut  off,  and  the  edges  slightly  rounded  over 
the  spirit-lamp  ; this  point  having  to  be  sealed  air- 
tight  with  the  greatest  despatcb,  at  a subsequent  stage 
of  the  process,  it  is  advisable  to  ascertain,  in  the  first 
place,  whether  the  glass  of  the  globe  is  readily 
fusible  or  not ; this  may  be  done  by  trying  to  seal 
the  point  of  the  original  neck  of  the  balloon,  pre- 
viously  to  drawing  it  out ; sliould  this  present  any 
difficulty,  the  globe  is  totally  unfit  for  the  intended 
purpose. 

3.  A small  iron  or  copper  vessel  for  the  reception  of  the  fluid 
in  which  the  globe  is  to  be  heated  (see  Fig.  89).  The  fluid  which  is  to 
serve  as  bath , must  admit  of  being  heated  to  at  least  36,  but  better  54  or 
72  degrees  beyond  the  boiling  point  of  the  substance  under  examination.  Oil 
will  ans  wer  the  purpose  in  all  cases  when  a higher  temperalure  is  required 
than  that  of  boiling  water  ; however,  a Chloride  of  calcium  bath — if  its 
temperature,  which  in  a perfectly  saturated  bath  may  be  raised  to  356 
suihces — is  more  convenient  than  an  oil-bath,  as  the  globe  may  be  more 
easily  cleaned. 

4.  An  apparatus  to  keep  the  balloon  in  Position. — This  may 
be  readily  made  with  a handle  and  some  iron  wire.  Düring  the  Opera- 
tion, this  is  supported  by  the  arm  of  a retort  stand  (see  Fig.  89). 

5.  A quantity  of  mercury  more  than  sufficient  to  fill  the  globe. 

6.  An  accurately  graduated  tube  of  about  100  cubic  centimeters 
capacity. 

7.  Spirit-lamp  and  blowpipe. 

8.  A correct  Barometer. 

9.  A correct  Thermometer  capable  of  indicating  the  highest  degree 
of  heat  the  case  under  examination  may  require. 

b.  Analytical  process. 

a.  "Weigh  the  globe  on  the  balance,  placing  a thevmometer  inside  the 
case.  Leave  the  balloon  for  ten  minutes  on  tbe  scale,  to  ascertain  whether 
its  weight  remains  constant.  If  so,  the  weiglit  is  noted,  together  with 
the  height  of  the  barometer  and  the  temperature  indicated  by  the  ther- 
mometer,  inside  the  case. 

ß.  Introduce  about  eight  grammes  of  the  fluid  or — by  the  applica- 
tion  of  a gentle  heat — liquefied  substance  into  a glass  ; heat  the  globe 
gently,  and  dip  the  pointed  end  deep  into  the  liquid.  If  the  substance 
under  examination  has  a high  fusing  point,  the  neck  and  point  of  the 
globe  likewise  require  heating,  to  guard  against  the  fluid  solidifying  in 
the  neck.  As  soon  as  the  globe  cools — which  is  accelerated  by  dropping 
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ether  upon  it — thc  fluid  enters  and  spreads  in  it.  Do  not  introduce  more 
than  from  five  to  seven  grammes. 

Ileat  the  contents  of  the  vessel  (3)  to  from  104°  to  122°,  and  im- 
merse  the  balloon  by  means  of  the  apparatus  (4),  and  also  a thermometer, 
in  the  bath  as  illustrated  in  Fig.  89. 

Raise  the  temperature  of  the 
bath  to  the  height  required.*  As  soon 
as  the  temperature  in  the  globe  is 
somewhat  higher  than  the  boiling 
point  of  the  substance,  the  vapor  of 
the  latter  rushes  out  at  the  neck ; 
the  force  of  the  stream  increases  at 
first  with  the  temperature  of  the  bath, 
but  diminishes  afterwards  by  degrees, 
and  ceases  ultimately  altogether  (after 
about  fifteen  minutes).  Should  any 
of  the  vapor  have  Condensed  into 
drops  in  the  projecting  point  of  the  globe,  these  may  be  at  once  recon- 
verted  into  vapor,  by  moving  a piece  of  red-hot  charcoal  to  and  fro  round 
it.  The  moment  that  a perfect  equilibrium  is  fully  established  at  thc 
desired  temperature,  seal  the  point  of  the  globe  quickly  air-tight,  by 
means  of  a spirit-lamp  and  blowpipe,  and  note  immediately  after  the 
height  of  the  thermometer.  To  ascertain  whether  or  not  the  point  is  really 
sealed  air-tight,  you  need  simply  direct  a stream  of  air  through  the  blow- 
pipe upon  the  projecting  point  of  the  globe : if  the  tube  is  closed  lier- 
metically,  a small  portion  of  the  vapor  condenses,  forming  a column  of 
fluid,  wliich  is  retained  in  the  end  of  the  tube  by  eapillary  attraction  ; 
this  is  not  observed  if  the  tube  is  not  hermetically  sealed.  The  height  of 
the  barometer  also  is  noted  again,  if  it  has  changed  since  the  first  obser- 
vation. 

8.  Remove  the  sealed  globe  from  the  bath,  allow  it  to  cool,  wasli  it  most 
carefully,  wipe  it  perfectly  dry,  aud  weigh  it  again  in  the  same  manner  as 
before. 

e.  Immerse  the  pointed  end  of  the  globe  to  its  entire  lengtli  in  mer- 
cury,  scratch  a mark  with  a file  near  the  end,  and  break  off  the  point ; 
wliereupon  the  mercury  will  immediately  rush  into  the  globe,  a vacuum 
liaving  been  created  in  it  by  the  condensation  of  the  vapor.  In  this 
Operation  place  the  glass  globe  in  the  hollow  of  your  harid,  and  rest 
the  latter  upon  the  edge  of  the  mercurial  trough.  If  thc  globe,  at  the 
moment  of  sealing,  was  perfectly  free  from  air,  it  will  fill  completely  with 

* If  the  globe  is  immersed  in  a chloridc  of  calcium  or  oil  bath,  you  must  endeavor  to 
maintain  a uniform  temperature  towards  the  end  of  the  process,  which  may  be  easily  effected 
by  properly  regulating  thc  fire. 


Fig.  89. 
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mercury  ; othervvise  an  air  bubble  will  remain  in  it.  In  either  case  transfer 
the  mercury  from  the  globe  to  the  graduated  tube  (ö),  and  measure 
accurately  ; if  there  was  air  in  the  globe  at  the  moment  of  sealing  it, 
fill  it  now  with  water,  and  measure  also  the  volume  of  the  latter  liquid : 
the  difFerence  between  the  volume  of  the  mercury  and  that  of  the  water 
sliows  the  volume  of  the  air  which  had  remained  in  the  globe. 

This  method,  if  properly  executed,  yields  nearly  accurate  results  ; for 
the  manner  of  calculating  the  latter,  I refer  to  the  chapter  on  the  “ Cal- 
culation  of  Analyses.” 

§ 162. 

3.  A great  many  indifferent  organic  bodies  absolutely  refuse  to  combine 
with  bases,  or  acids  ; such  are,  for  instance,  the  fats,  salicine,  the  Compounds 
of  ethyle  and  methyle,  &c.  The  atomic  weiglit  of  such  bodies  is  deter- 
mined  either  according  to  the  directions  of  the  preceding  paragraph,  or, 
should  this  be  impracticable,  from  the  products  of  the  decomposition  of 
the  substance  obtained  by  the  action  of  acids,  bases,  &c.,  upon  it,  and 
of  which  the  atomic  weight  may  always  be  determined  by  some  known 
means  ; or,  lastly,  the  atomic  weight  is  inferred  from  the  manner  in  which 
the  compound  in  question  has  been  formed.  In  cases  of  this  description, 
that  atomic  weight  is  taken  as  the  correct  one  which  permits  the  most 
simple  explanation  of  the  processes  of  formation  and  decomposition. 

This  latter  mode  of  determining  the  atomic  weight  of  substances  is 
iutimately  connected  with  the  higher  branches  of  organic  chemistry,  and 
cannot  be  considered  liere  more  in  detail,  as  it  is  impossible  to  give  uni- 
versally  applicable  metliods  for  determining  the  atomic  weight  of  substances 
in  this  manner. 


SUBDIVISION  II. 


CALCULATION  OF  ANALYSES, 

§ 163. 

The  calculation  of  the  results  obtained  by  analysis  presupposes,  as 
an  indispensable  preliminary,  a knowledge  of  the  general  laws  of  the 
combining  proportions  of  bodies,  on  the  one  liand,  and  of  the  more  simple 
rules  of  arithmetic  on  the  other.  Chemical  calculations  do  not  necessarily 
require  a complete  knowledge  of  matliematics,  as  is  often  erroneously  sup- 
posed : decimal  fractions  and  simple  equations,  will  enable  the  Student 
to  make  all  the  more  common  calculations.  These  remarks  are  not  in- 
tended  to  dissuade  students  of  chemistry  and  pharmacy  from  pursuing 
the  higher  matliematics  ; I merely  wish  to  encourage  those  who  have  had 
no  opportunity  of  doing  so,  and  who,  as  I have  often  experieuced,  are 
afraid  to  venture  upon  Chemical  calculations.  For  this  reason  I have 
made  the  whole  of  the  calculations  given  in  the  following  paragraplis,  in 
the  most  intelligible  manner  possible,  and  without  logarithms. 

I.  Calculation  of  the  constituent  sought,  from  the  compound  obtained 
in  the  analytical  process,  and  exhihition  of  the  per centage  results. 

§ 164. 

The  bodies,  the  weight  of  which  it  is  intended  to  determine  are  sepa- 
rated,  as  we  have  seen  in  the  division  treating  of  the  “ analytical  methods 
and  processes,”  eitlier  in  the  free  state,  or,  and  this  most  frequently,  in 
combinations  of  known  composition.  The  results  are  usually  calculated 
upon  100  parts  of  the  examined  substance,  since  tbis  gives  a clearer  and 
more  intelligible  view  of  the  composition.  In  cases  where  the  several  con- 
stitutents  have  been  separated  in  the  free  state,  the  calculation  mav  be 
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made  at  once ; but  if  the  constituents  have  been  separated  in  combination 
with  other  subtances,  tbey  must  first  be  calculated  from  the  compounds 
obtained. 

1 . Calculation  of  the  percentage  results,  in  cases  where  the  substance 
songht  has  been  separated  in  the  free  state. 

a.  Solid  substances,  fluids,  or  gases,  which  have  been  determined  by 
weight. 

§ 165. 

The  calculation  here  is  so  exceedingly  simple  that  I will  give  but 
one  illustration. 

Suppose  you  have  aualysed  subchloride  of  mercury,  and  separated  the 
mercury  in  the  metallic  state  (§  94,  1).  2‘945  grammes  of  subchloride  of 

mercury  have  given  2-499  grammes  of  metallic  mercury. 

2-945  .‘2-499::  100:« 

«=84-85, 

which  means  that  your  analysis  shows  100  parts  of  subchloride  of  mer- 
cury to  contaiu  84-85  of  mercury,  aud  consequently  15*15  of  chloriue. 

Now  as  the  subchloride  of  mercury  is  kuowu  to  consist  of  two  equiva- 
lents  of  mercury  and  one  equivalent  of  chlorine,  and  as  the  equivalent 
numbers  of  both  these  elements  are  also  known,  the  true  percentage 
composition  of  the  body  may  be  readily  calculated  from  these  data. 
When  analysing  substances  of  known  composition,  for  practice,  the  results 
theoretically  calculated  and  those  obtained  by  the  analysis  are  usually 
placed  in  juxtaposition,  as  this  enables  the  Student  at  once  to  perceive  the 
degree  of  correctness  and  accuracy  with  which  the  analysis  has  been  per- 


formed. 

Th us  for  instance — 

Found. 

Calculated  (compare  § 63,  &.). 

Mercury 

. 84-85 

84-95 

Chlorine 

. 15-15 

15-05 

100-00 

10000 

b.  Gases  which  have  been  determined  by  measure. 

§ 166. 

If  a gas  has  been  determined  by  measure,  it  is,  of  course,  necessary 
first  to  ascertain  the  weight  corresponding  to  the  volume  found,  before 
the  proportional  amount  of  the  gas  in  100  parts  by  weight  of  the  aualysed 
substance  can  be  calculated. 

But  as  the  exact  weight  of  a certain  definite  volume  of  the  various 
gases  has  been  severally  determined  by  minute  and  accurate  experiments. 
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this  calculation  is  also  a simple  rule  of  three  question,  if  the  gas  may  be 
measured  under  the  same  circumstances  under  which  the  experiments  were 
made  by  which  the  weight  of  a certain  definite  volume  of  it  has  been  deter- 
mined.  The  circumstances  to  be  taken  into  consideration  here,  are : 
Temperature  and  atmospheric  pressure^ 

besides  these,  the 

Tension  of  the  aqueous  vapor 

may  also  claim  consideration  in  cases  where  water  is  used  as  the  con- 
fining  fluid. 

The  respective  weights  assigned  in  Table  Y.  to  one  litre  of  the  gases 
enumerated,  refer  to  a temperature  of  0°C.  ( = 32°  F.)  and  au  atmospheric 
pressure  of  0*76  (760  millimeters)  of  mercury  (=29"9  inches  of  the  English 
scale).  We  have,  therefore,  in  the  first  place,  to  consider  the  manner  in 
which  volumes  of  gas  measured  at  another  temperature  and  another  height 
of  the  barometer,  are  to  be  reduced  to  0°  of  the  centigrade  thermometer, 
and  0‘76  of  the  barometer. 

a.  Reduction  of  a volume  of  gas  of  any  given  temperature  to  0 C.  or 
any  other  temperature  hetween  0°  and  100°  C. 

The  following  propositions  regarding  the  expansion  of  gases  were  for- 
merly  universally  adopted : 

1 . All  gases  expand  equally  for  every  degree  of  the  thermometer. 

2.  The  expansion  of  one  and  the  same  gas  for  each  degree  of  the 
thermometer,  is  independent  of  its  original  density. 

Although  the  correctness  of  these  propositions  has  not  been  fullv  con- 
firmed  by  the  minute  investigations  of  Magnus  and  Regnault,  yet  they 
may  be  safely  followed  in  reductions  of  the  temperature  of  those  gases 
which  are  most  frequently  measured  in  the  course  of  analytical  processes, 
as  the  co-efficients  of  the  expansion  of  these  gases  scarcely  differ  from  each 
other,  and  as  there  is  never  any  very  considerable  difference  in  the  atmo- 
spheric pressure  under  which  the  gases  are  severally  measured. 

The  investigations  just  alluded  to  have  given 

0-3665 

as  the  co-efficient  of  the  expansion  of  gases  which  comes  nearest  to  the 
point,  in  other  words,  as  the  extent.  to  which  gases  expand  when  heated 
from  the  freezing  to  the  boiling  point  of  water.  They  expand,  therefore, 
for  every  degree  of  centigrade 

, 0-3665 

thermometer — -=0'00366o. 

If  we  wish  to  ascertain  how  much  space  a cubic  centimeter  of  gas  of 
0’  C.  will  occupy  at  10°  C.,  we  find 

1 x (1  + 10x0-003665)  i.  e.=  1-03665. 

If  we  wish  to  ascertain  how  much  space  100  cubic  centimeters  of  0’  C. 
will  occupy  at  10°  C.,  we  find 
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100  x (1  + 10x0-003065)  *.  <?. 
100  x 1-03665=103-665. 


If  we  wish  to  know  how  inueh  space  1 cubic  centimeter  of  10°  C.  will 
occupy  at  0J  C.,  we  find 


1 

(1  + 10  x 0-003665 


IIow  much  space  do  103*665  cubic  centimeters  of  10°  C.  occupy  at  0°  C.? 

, 103-665 

1 + (1 0 x 0-003665  ~ 1 00 ' 

The  general  rule  of  these  calculations  may  be  briefly  expressed  as  fol- 
lows  : 

To  calculate  a volume  of  gas  from  a lower  to  a higher  temperature, 
we  have  in  the  first  place  to  find  the  expansion  for  the  volume  unit, 
which  is  done,  by  adding  to  1,  the  product  of  the  multiplication  of  the 
thermometrical  difference  by  0-003665  and  then  to  multiply  the  product 
of  this  calculation  by  the  number  of  volume  units  found  in  the  analytical 
process.  On  the  other  hand,  to  reduce  a volume  of  gas  from  a higher 
to  a lower  temperature,  we  have  to  divide  the  number  of  volume  units 
found  in  the  analytical  process,  by  the  product  of  the  multiplication  of  the 
thermometrical  difference  by  0-003665. 

ß.  Reduction  of  a volume  of  gas  of  a certain  given  density  unto  760 
millimeters  barometric  pressure,  or  any  other  given  pressure. 

According  to  the  law  of  Mariotte,  the  volume  of  a gas  is  inversely  pro- 
portional to  the  pressure  upon  it ; or  in  other  words,  that  a gas  occu- 
pies  the  greater  space,  the  less  the  pressure  upon  it,  and  the  less  space 
the  greater  the  pressure  upon  its  surface. 

Thus,  supposing  a gas  to  occupy  a space  of  10  cubic  centimeters,  at  a 
pressure  of  one  atmosphere,  it  will  occupy  1 cubic  centimeter  at  a pressure 
of  10  atmospheres,  and  100  cubic  centimeters  at  a pressure  of  yL-  atmo- 
sphere. 

Nothing,  therefore,  can  be  more  easy  than  the  reduction  of  a gas  of  a 
certain  given  tension,  to  760  millimeters  barometric  pressure,  or  any  otber 
given  pressure. 

Supposing  a gas  to  occupy  100  cubic  centimeters,  at  780  millimeters 
barometric  pressure,  how  much  space  will  it  occupy  at  760  millimeters  ? 

760  : 780  : : 100  : * 
x = 102-63. 

How  much  space  will  100  cubic  centimeters  at  750  millimeters  baro- 
metric  pressure,  occupy  at  760  millimeters  ? 

760:  750:  : 100  : x 

= 98-68 


x 
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y.  Reduction  of  a volume  of  gas  mixed  with  aqueous  vapour,  to  its 
actual  volume  in  the  dry  state. 

1t  is  a well-known  fact  that  water  has  a tendency  at  all  temperatures,  to 
assume  the  gaseous  state.  The  degree  of  this  tendency  (the  tension  of 
the  aqueous  vapor) — which  is  dependent  solely  and  exclusively  upon  the 
temperature,  and  not  upon  the  circurastance  of  the  water  being  in  vacuo  or 
in  any  gaseous  atmosphere — is  usually  expressed  by  the  height  of  a 
column  of  mercury  counterbalancing  it.  The  following  table  indicates  the 
degrees  of  tension  for  the  various  temperatures  at  which  analyses  are 
likely  to  be  made.  (Compare  Magnus,  Pogg.  Ann.  61,  p.  247.) 


TABLE. 


Temperature 
in  degrees 
(Centigrade). 

Tension  of  the 
aqueous  vapor 
expressed  in 
millimeters. 

Temperature 
in  degrees 
(Centigrade). 

Tension  of  the 
aqueous  vapor 
expressed  in 
millimeters. 

0 

4-525 

21 

18-505 

1 

4-867 

22 

19-675 

2 

5-231 

23 

20-909 

3 

5-619 

24 

22-211 

4 

6-032 

25 

23-582 

5 

6-471 

26 

25-026 

6 

6-939 

27 

26-546 

7 

7*436 

28 

28-148 

8 

7-964 

29 

29-832 

9 

8-525 

30 

31-602 

10 

9-126 

31 

33-464 

11 

9-751 

32 

35-419 

12 

10-421 

33 

37-473 

13 

11-130 

34 

39-630 

14 

11-882 

35 

41-893 

15 

12-677 

36 

44-268 

16 

13-519 

37 

46-758 

17 

14-409 

38 

49-368 

18 

15-351 

39 

52-103 

19 

16-345 

40 

54-969 

20 

17-396 

Therefore,  if  a gas  is  confined  over  water,  its  volume  is,  cceteris  paribus, 
always  greater  than  if  it  were  confined  over  cold  mercury  ; since  a quantity 
of  aqueous  vapor,  proportional  to  the  temperature  of  the  water,  mixes 
with  the  gas,  and  since  the  tension  of  this  partly  counterbalances  the 
column  of  air  that  presses  upon  the  gas,  and  to  that  extent  neutralises 


406 


CALCULATION  OF  ANALYSES. 


[§  167. 


the  pressure.  To  ascertain  the  actual  pressure  upon  the  gas,  we  must 
therefore  subtract  from  the  apparent  pressure  so  much  as  is  neutralised  by 
the  tension  of  the  aqueous  vapor. 

Suppose  we  had  found  a gas  to  measure  100  cubic  centimeters  at  770 
millimeters  barometric  pressure,  the  temperature  of  the  confining  water 
being  10°  C.:  bow  much  space  would  this  volume  of  gas  occupy  in  the  dry 
state  and  at  760  millimeters  of  the  barometer  ? 

Our  table  gives  the  tension  of  aqueous  vapour  at  10°  C.,  = 9*126,  the 
gas  is  consequently  not  under  the  apparent  pressure  of  770  millimeters, 
but  under  the  actual  pressure  of  770 — 9*126  = 760*874. 

The  calculation  is  now  very  simple ; it  proceeds  upon  the  formula  given 
sub.  ß.,  viz., 

760  : 760-874  : : 100  : x 
a?=100*l  15, 

When  the  volume  of  a gas  has  thus  been  adjusted  by  the  calculations  in 
a.  and  ß.,  or  in  a.  and  y.,  to  the  thermometrical  and  barometrical  conditions 
on  which  the  data  of  Table  V.  are  based,  the  proportion  of  it  contained  in 
1 00  parts  by  weight  of  the  analysed  substances  may  now  be  readily  cal- 
culated  by  substituting  the  weight  for  the  volume,  and  proceeding  by 
simple  rule  of  three. 

How  many  parts  of  nitrogen  are  contained  in  100  parts  of  analysed  sub- 
stance,  of  which  5 grammes  have  yielded  300  cubic  centimeters  of  dry 
nitrogen  gas  at  0°  C.,  and  760  millimeters  bar.  ? 

In  Table  V.  we  find  that  one  litre  (1000  cubic  centimeters  of  nitrogen 
gas  of  0°  C.,  and  at  760  millimeters  bar.,  weigbs  1*25 15  grammes. 

We  say  accordingly  : 

1000  : 1*2515  : : 300  : x 
x = 0*375  grammes. 

And  then  : 


5 : 0*375  : : 100  : x 
x = 7*50. 


The  analysed  substauce  contains  consequently  7*50  per  cent.  by  weight 
of  nitrogen. 


2.  Calculation  of  the  percentage  results  by  weight , in  cases  rohere 
the  substance  has  been  separated  in  combination  with  another,  or  where 
a compound  has  to  be  determined  from  one  of  its  constituents. 

§ 167. 

If  the  body  to  be  determined  has  not  been  weighed  or  measured  by  it- 
self,  but  in  some  other  form  or  combination,  e.g.  carbonic  acid  as  carbonate 
of  Urne,  sulphur  as  sulphate  of  baryta,  ammonia  as  nitrogen,  &c.,  its  quan* 
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tity  must  first  be  estimated  from  that  of  the  compound  found  before  the 
calculation  described  in  1,  can  be  made. 

This  may  be  accomplisbed  either  by  rule  of  three  or  by  some  abridged 
method. 

Suppose  we  have  weighed  bydrogen  in  the  form  of  water,  and  have 
found  1 gram,  of  water : how  much  hydrogen  does  this  contain  ? 

One  equivalent  of  water  consists  of : 

12-5  of  bydrogen 
100-0  of  oxygen 


1 12’ 5 water. 

We  say  accordingly : 

112-5  : 12-5::  l-oo  : x 


»=0-11111. 

From  tliis  formula  results  the  following  equation  : 

12-5 

x 1-00=». 

112-5 


i.e.  0-11111x1-00=». 

Or  expressed  in  general  terms  : 

• • • 

Water  x 0- 1 1 1 1 1 = Hydrogen. 

Example. — 

5 1 7 of  water  ; how  much  hydrogen  ? 
517x0-11111=57-444. 

The  following  equation  results  also  from  the  above  given  formula : 


112-5 

1-00 

12-5 

X 

112-5 

— 

9 

12-5 

1-00 

consequently  9 = 

X 

1-00 

consequently  x = 

9 

Or,  expressed  in  general  terms, 

Water  divided  by  9 = Hydrogen. 

Example. — 

5 1 7 of  water,  how  much  hydrogen  ? 
517 


9 


57-444. 
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In  this  manner  we  may  find  for  every  compound  constant  numbers  by 
which  to  multiply  or  divide  the  compound,  in  Order  to  find  the  percentage 
Proportion  by  weight  of  tbe  constituent  sought  (compare  Table  III.). 

Thus,  for  instance,  the  nitrogen  may  be  estimated  from  the  double 
bichloride  of  platinum  and  cbloride  of  ammonium,  by  dividing  the  weight 
of  tbe  latter  by  15*96,  or  multiplying  it  by  0*06269  ; thus  the  carbon  may 
be  estimated  from  the  carbonic  acid  by  multiplying  the  weight  of  the 
latter  by  0*2727,  or  dividing  it  by  3*666. 

These  numbers  are  by  no  means  so  simple,  convenient,  and  easy  of 

retention  as  tbe  number  for  hydrogen.  It  is  thercfore  advisable,  in  tbe 

case  of  carbonic  acid,  for  instance,  to  fix  upon  anotlier  general  term,  viz., 

Carbonic  acid  x 3 
= Carbon  ; 

11 

which  is  derived  from  the  formula 

i 

275  : 75  ; ; the  carbonic  acid  found  ; x 

Since  2 75  * 75  • • 55  • 1 5 or  1 1 • 3 

• • • • • 

The  object  in  view  may  also  be  attained  in  a very  simple  manner,  by 
reference  to  Table  IV.,  which  gives  the  amount  of  the  constituent  sought 
for  every  number  of  the  compound  found,  from  1 — 9 ; the  operator  need, 
therefore,  simply  add  the  several  values  together. 

As  regards  hydrogen,  for  instance,  we  find  : 


TABLE. 


Found. 

Sought. 

i 

2 

3 

4 

5 

6 

7 

8 

9 

water 

hydrogen 

0-11111 

0-22222 

0-33333 

0-44444 

0-55555 

0-66667 

0-77778 

0-88889 

1-00000 

From  this  table  it  is  seen  that  one  part  of  water  contains  0*11111  of 
hydrogen,  that  five  parts  of  water  contain  0*55555  of  hydrogen  ; nine 
parts  1*00000,  &c. 

Now  if  we  wish  to  know,  for  instance,  how  much  hydrogen  is  contained 
in  5*17  parts  of  water,  we  find  this  by  adding  tbe  values  for  five  parts, 
for  part,  and  for  parts,  viz., 

0*55555 
0*0111 11 
0*0077778 

0*5744388 

Why  the  numbers  are  to  be  placed  in  this  manner,  and  not  as  follows, 

0*55555 

0*11111 

0*77778 


1*44444 

is  self-evident,  since  arranging  them  in  the  latter  way,  would  be  adding 
the  values  for  5,  for  1,  and  for  7 (5  + 1 + 7=13)  and  not  for  5*17.  This 
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reflection  shows  also  that,  to  find  the  amount  of  hydrogen  contained  in 
5 1 7 parts  of  water,  the  points  must  be  transposed  as  follows  : 

55-555 

1-1111 

0-77778 

57-44388 


3.  Calculation  of  THE  percentage  results  OF  INDIRECT  ANA- 
LYSES IN  PARTS  BY  WEIGHT. 


§ 168. 


The  import  of  the  term  “ indirect  analysis,”  as  defined  at  page  278,  shows 
sufficiently  that  no  universally  applicable  rules  can  be  laid  down  for  the 
calculations  which  have  to  be  made  in  indirect  analyses.  The  selection  of 
the  right  way  must  be  left  in  every  individual  case  to  the  intelligence  of 
the  operator.  I will  give  here  the  mode  of  calculating  the  results  in  tw-o 
of  the  indirect  analyses  described  in  Section  V.  They  may  serve  as  exam- 
ples  for  other  similar  calculations. 

a.  Indirect  Separation  of  soda  from  potassa  (compare  § 120,  3). 

Suppose  you  have  found  1976-11  grammes  of  sulphate  of  soda+sul- 
phate  of  potassa,  and  in  these  1976-11  grammes,  1000  grammes  of  sul- 
phuric  acid : how  much  potassa  is  present,  and  how  much  soda  ? 

Expressing  sulphate  of  potassa  by  K,  and  sulphate  of  soda  by  N,  we 
have  the  following  equation  : 

K + N=  1976-1 1 
orK  =1976-11— N. 

One  part  of  sulphate  of  soda  contains  0-56338 ; one  part  of  sulphate  of 
potassa  0 4591 9 of  sulphuric  acid. 

The  amount  of  sulphuric  acid  present  in  the  mixture  of  sulphate  of  soda 
and  sulphate  of  potassa,  viz.,  1000  grammes  must  consequentlv  be= 
0-56338  x the  number  of  units  present  of  sulphate  of  soda  (i.  e.  x the 
quantity  of  the  sulphate  of  soda  present)  + 0-459 19  x the  number  of  units 
present  of  sulphate  of  potassa  (i.  e.  x the  quantity  of  the  sulphate  of 
potassa  present). 

This  gives  us  the  second  equation  : 

(K  x 0-45919)  + (N  x 0-56338)  = 1000 
Or,  K=  1000  — (N  x 0-56338) 

0-45919 


Substituting  for  K its  value  according  to  the  first  equation,  we  obtain 
l0?e.u  m_  1000-(Nx  0-56338) 

0*45919 


and,  taking  off  the  denominators  of  the  fraction, 
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(1976-1 J x 0-45919)— (Nx  0-45919)  = 1000— (Nx  0-56338), 
that  is, 

907-41— (Nx  0-45919)  = 1000— (Nx  0-56338). 

Placing  now  the  two  N on  one  side,  we  obtain 

(N  x 0-56338)— (Nx  0-45919)= 1000— 907*41, 
or, 

N=  _Jpq0-i>07-41=_jM9=888.66 
0-56338— 0-45919  0-10419 

The  aualysed  mixture  therefore  contains  888" 66  of  sulphate  of  soda, 
and  consequently 

1976-11— 888-66=1087*45 

of  sulphate  of  potassa. 

From  these  data  are  now  calculated  the  quantities  of  soda  and  po- 
tassa, as  directed  in  2.,  and  the  proportions  of  these  two  substances 
contained  in  100  parts  by  weight  of  the  analysed  compound,  as  directed 
in  1. 

The  following  general  formula  may  be  deduced  from  the  above  calcula- 
tion  : — Assuming  A to  stand  for  the  mixture,  and  N for  the  Na  O,  S 03, 
K for  the  KO,  S 03,  and  S for  the  S 03,  contained  in  it : 

S—(Ax  0-45919 
0-10419 
and  K=A— N. 

Suppose  we  have  found  20  grammesof  sulphate  of  potassa  + sulphate  of 
soda,  and  in  these  20  grammes  10*5  grammes  of  sulphuric  acid,  how 
mucli  sulphate  of  potassa  does  the  mixture  contain,  and  how  much  sul- 
phate of  soda  ? 

N_  10*5— (20x0-45919) 

“ 0-10419 

10-5—9-1838  1-3162  _ ß 

0-10419  ~ 0-10419 

K = 20— 12-63=7*37. 

The  20  grammes  of  the  mixture  consist  accordinglv  of  1 2-63  Na  0,S  03, 
and  7*37  KO,  S03. 

b.  Indirect  Separation  of  chlorine  from  bromine  (§  137,  1,  «.). 

Let  us  suppose  the  mixture  of  bromide  of  silver  and  chloride  of  silver 
to  have  weighed  20  grammes,  and  the  decrease  of  weight  consequent  upon 
the  transmission  of  the  chlorine  to  have  amounted  to  1 gramme.  How 
much  chlorine  does  the  mixture  contain,  and  how  much  bromine  ? 

The  decrease  of  weight  here  is  simply  the  difference  between  the  weight 
of  the  bromide  of  silver  originally  present  and  that  of  the  chloride  of 
silver  vvhich  has  replaced  it ; if  this  is  borne  in  mind,  it  is  easy  to  under- 
stand  the  calculation  whicli  follows. 
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The  difference  between  the  respective  equivalents  of  bromide  of  silver 
and  chloride  of  silver  is  to  the  equivalent  of  bromide  of  silver  as  the 
ascertained  decrease  of  weight  is  to  x,  i.e.  to  the  bromide  of  silver  origi- 
nally  present  in  the  mixture  ; or,  expressed  in  numbers  : 

556-34  : 2349*28  ::  1 :x 

«=4-2227. 

The  twenty  grammes  of  the  analysed  mixture  therefore  contained 
4*2227  grammes  of  bromide  of  silver,  and  consequently  20 — 4-2227= 
15-7773  grammes  of  chloride  of  silver. 

It  results  from  this  calculation,  that  we  need  simply  multiply  the  ascer- 
tained decrease  of  weight  by 

2349-28  . 

556*34  *’  e‘  Wlt^  ^'2227 

in  Order  to  find  the  amount  of  bromide  of  silver  originally  present  in  the 
analysed  mixture.  And  if  we  know  this,  we  also  know  of  course  the 
amount  of  the  chloride  of  silver ; and  from  these  data  we  deduce  the 
quantities  of  chlorine  and  bromine,  as  directed  in  2,  and  the  propor- 
tions  of  these  two  substances  contained  in  100  parts  by  weight  of  the 
analysed  compound,  as  directed  in  1 .’ 
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§ 169. 

If,  in  the  analysis  of  a substance,  one  of  the  constituents  is  estimated 
from  the  loss  or  deficiency,  or,  in  other  words,  by  subtracting  from  the 
original  weight  of  the  analysed  substance  the  ascertained  United  weight  of 
the  other  constituents,  it  is  evident  that  in  the  subsequent  percentage 
calculation  the  sum  total  must  invariably  be  100.  Every  loss  suffered  or 
surplus  obtained  in  the  determination  of  the  several  constituents  will,  of 
course,  fall  exclusively  upon  the  one  constituent  which  is  estimated  from 
the  loss.  It  is  evident,  therefore,  that  quantitative  estimations  of  this 
kind  can  afford  no  guarantee  of  correctness,  unless  the  other  constituents 
have  been  determined  by  good  methods,  and  with  the  greatest  care.  The 
accuracy  of  the  results  will,  of  course,  be  the  greater,  the  less  the  num- 
ber  of  constituents  determined  in  the  direct  way. 

If,  on  the  other  band,  every  constituent  of  the  analysed  compound  has 
been  determined  separately,  it  is  obvious  that,  were  the  results  absolutely 
accurate,  the  united  weight  of  the  several  constituents  must  be  exactly 
equal  to  the  original  weight  of  the  analysed  substance.  Since,  however, 
as  we  have  seen  in  § 75,  certain  inaccuracies  attach  to  every  analysis,  with- 
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out  exception,  the  sum  total  of  tlie  results  in  the  percentage  calculation, 
will  sometimes  exceed,  and  at  othcrs  fall  short  of  one  hundred. 

In  all  cases  of  tliis  description,  the  onlv  proper  way  is  to  give  the  results 
as  actually  found. 

So,  for  instance,  Velouze  found,  in  his  analysis  of  cliromate  of  chloride  of 
potassium, 

Potassium  21  *88 

Chlorine  19*41 

Chromic  acid  58-21 


99-50 

Berzelius,  in  his  analysis  of  uraniate  of  potassa, 
Potassa  128 

Sesquioxide  of  uranium  86-8 


99-6 

Plattner,  in  his  analysis  of  magnetic  iron  pyrites. 

Of  Fahlun.  Of  Brasil. 

Iron  59*72  59"64 

Sulphur  40*22  • 40*43 


99*94 


100-07 


It  is  altogether  inadmissible  to  distribute  any  chance  deficiency  or 
surplus,  proportionally  among  the  several  constituents  of  the  analysed 
compound,  as  such  deficiency  or  surplus  never  arises  from  the  several 
estimations  in  the  same  measure ; moreover,  such  a way  of  arranging  the 
calculation  of  the  results  deprives  other  cliemists  of  the  power  of  judging 
of  the  accuracy  of  the  analysis.  No  one  need  be  ashamed  to  confess  having 
obtained  somewhat  too  little  or  somewhat  too  much  in  an  analysis,  provided, 
of  course,  the  deficiency  or  surplus  be  confined  within  certain  limits,  which 
are  different  in  different  analyses,  and  which  the  experienced  chemist  knows 
how  to  fix  properly. 

In  cases  where  an  analysis  has  been  made  twice,  or  several  times,  it  is 
usual  to  take  the  arithmetical  mean,  as  the  correct  result.  It  is  obvious 
that  an  average  of  the  kind  deserves  the  greater  confidence  the  less  the 
results  of  the  several  analyses  differ.  The  results  of  the  several  analyses 
must,  however,  also  be  given,  or,  at  all  events,  the  maximum  and 
minimum. 

Since  the  accuracy  of  an  analysis  is  not  dependent  upon  the  quantity  of 
substance  subjected  to  the  analytical  process  (provided  always  this  quantity 
be  not  altogether  too  small),  the  average  of  the  results  of  several  analyses 
is  to  be  taken  quite  independently  of  the  quantities  used,  in  other  words, 
von  must  not  add  together  the  quantities  used,  on  the  one  haud,  and 
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the  weights  obtained  in  the  several  analyses  on  the  other,  and  deduce 
from  these  data  the  percentage  amount;  but  you  must  calculate  the 
latter  from  the  results  of  each  analysis  separately,  and  then  take  the 
arithmetical  mean  of  the  numbers  so  obtained. 

Suppose  a substance,  which  we  will  call  AB.  contains  fifty  per  cent  of  A. ; 
and  suppose  two  analyses  of  this  substance  have  given  the  following 
results  : 

1) 2  grammes  of  AB.  have  given  0-99  grms.  of  A. 

2) 50  „ „ „ 24-00  grms.  „ 

From  analysis 

No.  1,  it  results  that  AB.  contains  49’50  per  cent.  of  A. 
j>  2,  ,,  ,,  ,,  48  00  ,,  ,,  ,, 

Total  . . . 97-50 

Mean  . . . 48- 75 

It  would  be  quite  erroneous  to  say 

2 + 50  = 52  of  AB.  gave  0-99  + 24-00  = 24-99  of  A. 
therefore  100  of  AB  contain  48"06  of  A. ; 

for  it  will  be  readily  seen  that  this  way  of  calculating  destroys  nearly  alto- 
gether  the  influence  of  the  more  accurate  analysis  of  the  two  (1)  upon  the 
average,  on  account  of  the  proportionally  small  amount  of  substance  used 
in  that  analysis. 


II.  ÜEDUCTION  OF  EMPIRICAL  FORMUL/E. 

§ 170. 

If  the  percentage  composition  of  a substance  is  known,  a so-called 
empirical  formula  may  be  deduced  from  this  ; in  other  words,  the  relative 
proportion  of  the  several  constituents  may  be  expressed  in  equivalents — in 
a formula  which,  upon  recalculation  in  percents  will  give  numbers  corre- 
sponding  perfectly,  or  nearly  with  those  obtained  by  the  analysis  of  the 
substance  in  question.  We  are  compelled  to  confine  ourselves  to  the 
expression  of  empirical  formulse,  in  the  case  of  all  substances  of  which 
we  cannot  determine  the  atomic  weight,  such  as  e.  g.  mannite,  woody  fibre, 
mixed  substances,  &c. 

The  method  of  deducing  empirical  formulse  is  very  simple,  and  will  be 
readily  understood  from  the  following  reflections  : 

IIow  should  we  proceed  to  find  the  relative  number  of  equivalents  in 
carbonic  acid  ? 

We  should  say  : 

The  equivalent  of  the  oxygcn  is  to  the  amount  of  oxygen  in  the  atomic 


414  CALCULATION  OF  ANALYSES.  [§  170. 

weight  of  carbonic  acid,  as  1 is  to  x,  i.  e.  to  the  number  of  atoms  of 
oxygen  contained  in  carbonic  acid  ; accordingly 

100  : 200  : : 1 : x 
x=2. 

In  the  same  manner  we  sbould  find  the  number  of  atoms  of  carbon 
present  in  carbonic  acid,  by  the  following  proportion  : 

75  : 75  : : 1 : x 

(equivalent  of  carbon)  (carbon  in  one  equivalent 

of  carbonic  acid.) 
x = 1 . 

Now  let  us  suppose  we  did  not  know  the  atomic  weight  of  carbonic  acid, 
but  simply  the  percentage  composition  of  this  acid,  viz., 

27' 27  of  carbon 
72 '73  of  oxygen 


100 '00  of  carbonic  acid  ; 


yet  the  relative  proportion  of  the  equivalents  must  appear,  even  though  we 
select  any  other  given  number,  e.  g.  100,  as  the  atomic  weight  of  carbonic 
acid.  Let  us  suppose  we  adopt  100  as  the  atomic  weight  of  carbonic  acid  ; 
thus, 

100  : 72-73  : : 1 : x 


(Equ.  of  O) 


and 


(Amount  of  oxygen  in  the 
assumed  atomic  weight  of  100) 
x = 0’7273  ; 


75 

(Equ.  of  C) 


: 27'27  : : 

(Amount  of  carbon  in  the 
assumed  atomic  weight  of  1 00) 
x = 0-3636. 


1 : 


x 


We  see  here  that  al though  the  numbers  which  express  the  relative  pro- 
portion of  the  atoms  of  oxygen  and  carbon,  have  changed,  yet  the  relative 
proportion  remains  the  same  ; since 

0-3636  : 0-7272  : : 1 : 2. 

The  method  may  accordingly  be  expressed  in  general  terms  as  follows  : 
Assume  any  number,  say  100  (because  this  is  the  most  convenient),  as 
the  atomic  weight  of  the  compound  for  which  you  wish  to  establish  an 
empirical  formula,  and  ascertain  how  often  the  equivalent  number  of  every 
constituent  severally  is  contained  in  the  amount  of  the  same  constituent 
resulting  from  the  analysis.  When  you  have  thus  found  the  numbers 
expressing  the  relative  proportion  which  the  several  constituents  bear  to 
one  another,  you  have  attained  your  purpose,  viz.,  the  deduction  of  an 
empirical  formula.  Still  it  is  usual  to  reduce  the  numbers  found  to  the 
most  simple  expression. 
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Now  let  us  take  a somewhat  more  complicated  case,  e.  g.  the  deduction 
of  the  empirical  formula  for  mannite. 

The  percentage  composition  of  mannite  is 

39’ 56  of  carbon 
7*69  of  hydrogen 
52*75  of  oxygen 


100*00 

This  gives  the  following  proportions  : 

1 . 100  : 52*75  : : 1 : « 

«=0*5275. 

2.  12*5  : 7*69  : : 1 : « 

#=0*6152. 

3.  75  : 39*56  : : 1 :x 

«=0*5275. 

We  have  now  the  empirical  formula  for  mannite,  viz., 

^5  2 5 5 ^6152  O5  2 7 5 

A glance  shows  us  that  the  number  of  the  atoms  of  carbon  is  ecpial  to 
those  of  the  oxygen ; and  the  question  is  now  whetlier  the  relative  pro- 
portion  found  may  not  be  expressed  by  smaller  numbers. 

A simple  calculation  suffices  to  answer  this  question,  viz., 

52 75  : 6152  : : 60  : x 

(Any  other  number  might  be  substituted  for  60,  as  the  third  term  of 
the  proportion,  but  60  is  the  most  convenient,  since  it  is  divisible  without 
remainder  by  most  of  the  numbers.) 

«=70. 

We  have  now  accordingly  the  more  simple  formula, 

^60  ^70  ^60  = ^6  -^-7  ^6* 

The  percentage  composition  of  mannite  given  above  having  been  de- 
duced  from  the_  results  of  actual  analyses,  the  correctness  of  the  formula 
derived  from  it  cannot  be  called  in  question.  Now  let  us  take  the  results 
of  a direct  analysis  of  mannite. 

Oppermann  obtained,  upon  the  combustion  of  T593  grm.  of  mannite, 
with  oxide  ot  copper,  2*296  grammes  of  carbonic  acid  and  1*106  grm.  of 
water.  This  gives  by  calculation  in  percents 

39*31  of  carbon 
7*71  of  hydrogen 
52*98  of  oxygen 

100*00 

which,  calculatcd  as  above,  gives 

^5241  H6168  ^5  2 9 8’ 

as  the  first  expression  of  the  empirical  formula  ; and  by  the  proportion  ; 
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5298:  6168:  : 60:  x 
x = 69'8. 

A glance  at  these  numbers  shows  that  69*8  may  be  properly  exchanged 
for  70,  and  also  that  the  difference  between  5241  and  5298  is  so  trifling 
that  botli  may  be  expressed  by  the  same  nurnber.  These  considerations 
lead  therefore  likewise  to  the  formula 

C6  H,  06 

The  proof  whether  the  formula  is  correct  or  not  is  obtained  by  its  re- 
calculation  in  percents.  The  less  the  calculated  percentage  differs  from 
that  found,  the  more  reason  there  is  to  believe  in  the  correctness  of  the 
empirical  formula.  If  the  difference  is  more  considerable  than  can  be 
accounted  for  by  the  defects  inherent  in  the  methods,  there  is  every  reason 
to  believe  the  formula  fallacious,  in  which  case  it  is  necessary  to  establish 
a more  correct  one  ; for  it  will  be  readily  seen  that,  in  the  case  of  sub- 
stances  of  which  the  atomic  weight  is  not  known,  different  formulse  may 
be  deduced  from  one  and  the  same  analysis,  or  from  several  very  nearly 
corresponding  analyses  ; since  the  numbers  found  are  never  absolutely 
correct  but  only  approximate. 

Thus,  for  instance,  in  the  case  of  mannite  : 

Calculated 


for 

for 

found 

39*56 

C8 

39*67 

39-31 

7*69 

H9 

7*44 

7*71 

52*75 

Os 

52*89 

52*98 

100*00 

100*00 

100*00 

III.  ÜEDUCTION  OF  RATIONAL  FORMULiE. 

§ 171. 

If  both  the  percentage  composition  and  the  atomic  weight  of  a substance 
are  known,  it  is  easy  to  deduce  its  rational  formula — that  is,  a formula 
expressing  not  only  the  relative  proportion  of  the  atoms,  but  also  their 
absolute  number. 

The  following  examples  may  serve  for  illustration  : 

1 . Deduction  of  the  rational  formula  of  hyposulphuric  acid. 

The  analysis  has  sliown,  in  the  first  place,  the  percentage  composition 
of  hyposulphuric  acid,  and,  in  the  second  place,  the  percentage  composition 
of  hyposulphate  of  potassa,  viz., 

Sulphur 44 '44  Potassa 39*551 

Oxygen 55*56  Hyposulphuric  acid  . . 60*449 


Hyposulphuric  acid  100*00  Hyposulphate  of  potassa  100*000 
(Equivalent  of  potassa=588*86.) 
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From  the  proportion  : 

39-551  : GO'449  : : 588-86  : x 
x = 900 

results,  as  x,  the  sum  of  the  equivalents  of  the  constituents  contained  in 
hyposulphuric  acid — in  other  terms,  the  atomic  weight  of  hyposulphuric 
acid. 

Having  thus  ascertained  the  correct  atomic  weight  of  hyposulphuric 
acid,  it  is  unnecessary  to  assume  a hypothetical  one,  as  we  were  obliged 
to  do  in  the  case  of  mannite. 

Thus  we  may  state  at  once  : 

100  : 44*44  ::  900  :x 
x = 400  ; 

i.  e.  like  the  sum  of  the  equivalents  of  the  sulphur  ; and  again  : 

100  : 55-56  : : 900  : x 
x — 500  ; 

i.  e.  like  the  sum  of  the  equivalents  of  the  oxygen. 

Now  the  equivalent  of  sulphur,  i.  e.  200,  is  contained  twice  in  400  ; 
and  the  equivalent  of  oxygen,  i.  e.  100,  is  contained  five  times  in  500  ; 
the  rational  formula  for  hyposulphuric  acid  is  accordingly, 

S2Os. 

2.  Deduction  of  the  rational  formula  of  benzoic  acid. 

Stenhouse  obtained  from  0*3807  grm.  of  hydrated  benzoic  acid  dried  at 

212°  0-9575  of  carbonic  acid  and  0 1698  of  water. 

0-4287  grm.  of  benzoate  of  silver,  dried  at  212°  yielded  0-202  of  silver. 

From  these  numbers  results  the  following  composition: 

Carbon 68"67  Oxide  of  silver  . . . 50-67 

Hydrogen  ....  4 -95  Benzoic  acid  . . . 49*33 

Oxygen 26-38  

Benzoate  of  silver  . . 100-00 

Hydrated  benzoic  acid  100-00 

(Atomic  weight  of  the  oxide  of  silver  = 1449-66.) 

50-67:49-33  : : 1449-66  :x 

x=  1411-3, 

i.  e.  the  atomic  weight  of  anhydrous  benzoic  acid ; the  atomic  weight  of 
the  hydrated  acid  is  accordingly  = 1411-3+  112-5  = 1323-8  ; we  say  there- 
fore  now  : 

100:68-67::  1523-8:« 
x = 1046-39. 

100:  4-95  : : 1523-8  : « 
x = 75*43. 

100:26-38  : : 1523*8  : x 
x = 401-97. 


E E 
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75  is  contained  in  1 04 6*39  13*95  times 

12-5  „ 75-43  6-03  „ 

100  „ 401-97  4-02  „ 


A glance  at  the  numbers  resulting  from  these  divisions  suffices  to  show 
that  13*95  may  be  exchanged  for  14,  and  that  6 may  be  substituted  for 
6-03,  and  4 for  4-02.  The  rational  formula  for  the  hydrate  of  benzoic 
acid  is  accordingly, 


C.4  II«  04. 

This  formula  calculated  The  numbers  found  by 


gives, 

Stenhouse  we 

C 68-85 

C 68-67 

H 4-92 

II  4-95 

O 26-23 

O 26-38 

100-00 

100-00 

3.  Deduction  of  the  rational  formula  of  theine. 

Stenkouse's  analysis  of  theine  gave  the  following  results  : 

1.  0-285  grm.  of  theine  yielded  0'5125  of  carbonic  acid  and  0'132  of 
water. 

2.  The  combustion  of  theine  with  oxide  of  copper  yielded  a gaseous 
mixture  of  C02  and  N,  in  the  proportion  of  four  of  the  former  to  one  of 
the  latter. 

3.  0-5828  grm.  of  the  double  salt  of  hydrochlorate  of  theine  and  bi- 
chloride  of  platinum,  yielded  0-143  platinum. 

From  these  numbers  results  the  following  percentage  compositiou  : 

Carbon  . . 49*05 

Hydrogen  . 5*14 

Nitrogen  . 28-61 
Oxygen  . . 17"20 

100-00 

and  2461*31  as  the  atomic  weiglit  of  theine.  Tliere  is  every  reason  to 
suppose  that  the  composition  of  the  double  salt  of  hydrochlorate  of 
theine  and  bieliloride  of  platinum  is 

Theine  + II  CI  -+-  Pt  CI  2. 

The  atomic  weight  of  this  double  salt  is  found  by  the  following  pro- 
portion : 

0-143  : 0’5828  : 1 236*75  (atomic  weight  of  platinum)  : x 

x = 5040-4 ; 

and  consequently  the  atomic  weight  of  theine,  by  subtracting  from  5040-4 
the  sum  of  the  atomic  weight  of  one  equivalent  of  bichloride  of  platinum 
(2123-31)  and  one  equivalent  of  hydrochloric  acid  (455*78) 
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5040*4— (2123*31  +455*78)=2461'31. 

From  the  percentage  composition  of  theine  we  may  now  deduce  its 
empirical  formula,  by  the  following  proportions  : 

75  49'05  ; • 1 x 
«=0*654  ; 

12*5:  5*14 : : i : a? 

«=0*411  ; 

175*0  : 28-61 ::  l ; « 

«=0-163  ; 

100  : 17*20 1 ; X 
« = 0 " 1 72  ; 

^654  11-411  Ni63  017S  J 

By  reducing  these  numbers  in  themanner  stated  page  415  (/.  e.  substi- 
tuting  60  for  the  smallest  of  them  and  reducing  the  others  in  the  same 
ratio),  we  get  at  the  formula 

C241  H1SI  N60  Oü3 ; 

and  dividing  these  figures  by  30,  we  obtain 

Oq*o3  Hs-OS  N2  02,  ; 

for  which  wTe  may  at  once  safely  substitute 

C8  II5  N2  02  ; 

as  the  following  percentage  arrangement  will  show  : 


Calculated. 

Found. 

8 C=  600-0 

49-47 

49*05 

5 11=  62-5 

5*15 

5*14 

2 N= 350-0 

28-89 

28-61 

2 0=200-0 

16-49 

17*20 

1212*5 

100-00 

100*00 

Now,  looking  at  the  atomic  weight  corresponding  to  the  formula 
Cs  H5  N2  02,  viz.,  1212-5,  we  find  that  this  is  contained  2’03  times  in  the 
atomic  weight  deduced  from  the  analysis  of  the  double  salt  of  hydrochlo- 
rate  of  theine  and  bichloride  of  platinum,  viz.,  2461-31.  Instead  of 
1 : 2-03,  we  may  safely  put  1:2;  which  gives  us  as  the  rational  formula 
of  theine, 

2 x C8  Hs  N9  02=C16  H.o  N4  04. 

The  correctness  of  the  assumed  formula  for  the  double  salt  of  hydro- 
chlorate  of  theine  and  bichloride  of  platinum,  viz., 

Theine +HC1  + Pt  Cl2 

may  now  he  readily  tested  and  confirmed,  by  ascertaining  whether  the 
amount  of  platinum  assumed  in  this  formula  agrees  with  the  quantity 
actually  found. 

e e 2 
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In  1 00  parts. 


Calculated. 

Found. 

H„  N, 

O4=2425*00 

HCl 

= 455*78 

Platinum 

= 1236*75 

24*70 

24*53 

Cl2 

= 886*56 

5004*09 

4.  Special  method  of  deducing  rational  formulce  for  oxygen  salts. 

a.  In  the  ease  of  Compounds  containing  no  isornorphous  constituents. 
The  rational  formulae  for  oxygen  salts  may  be  deduced  also  by  a 

method  different  from  the  foregoing,  viz.,  by  ascertaining  the  ratio  which 
the  respective  quantities  of  oxygen  bear  to  each  other.  This  method  is 
exceedingly  simple. 

In  an  analysis  of  crystallised  sulphate  of  soda  and  ammonia,  I found 
Soda  . . . . 17*93 

Oxide  of  ammonium  . 15*23 

Sulphuric  acid  . . 46*00 

Water  . . . 20*84 

100*00 

387*44  of  Na  O contain  100  of  O,  consequently  17*93  of  Na  O contain  4*63  of  O. 
325  ...  NH4  0 ...  100  ...  O,  ...  15*23  ...  NH4  O ...  4*68  ...  O. 

500  ...  S 03  ...  300  ...  O,  ...  46*00  ...  S 03  ...  27*60  ...  O. 

112*5  ...  H O ...  100  ...  O,  ...  20*84  ...  H O ...  18*52  ...  O. 

The  respective  quantities  of  oxygen, 

4*63  : 4*68  : 27*60  : 18*52, 
stand  to  each  other  in  the  same  ratio 

as  1 : 1*01  : 5*97  : 4*00, 
for  which  we  may  safely  Substitute 

1 : 1 : 6 : 4, 

which  leads  to  the  formula 

Na  O,  N H4  O,  2 S 03  + 4 H O 
or,  Na  O,  S 03  -f  N H4  O,  S 03  + 4 aq. 

b.  Tn  the  ease  of  Compounds  containing  isornorphous  constituents. 

It  is  a well  known  fact  that  isornorphous  constituents  may  replace  each 
other  in  all  proportions ; therefore  in  establishing  a formula  for  Com- 
pounds containing  isornorphous  constituents,  the  latter  are  taken  collec- 
tively  ; that  is,  they  are  expressed  in  the  formula,  as  one  and  the  same  body. 
This  very  frequently  occurs  in  the  calculation  of  formulae  for  minerals. 

A.  Erdmann  found  in  Monradite 


Silicic  acid 

56*17  . 

Amount  of  oxygen. 

. 29-179 

Magnesia 

31*63 

12*652} 

14*601 

Protoxide  of  iron 
Water 

8*56 

4*04  . 

1*949  j 
• • • 

3*590 

100*40 
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Now  the  ratio  between 

3-59  : 14-601  : 29'  1/9 
is  as  1 : 4-07  : 8-1, 
for  which  we  may  safely  substitute 

1:4:8. 

Designating  one  equivalent  of  metal  by  r,  we  find  from  those  numbers 
the  formula  : 

f Mg  } 

4 (RO,  Si  02)  + H0  or  4 Fg  0,  Si  02)  + aq. 

Besides  isomorphous  substances,  all  bodies  of  analogous  composition 
possess  the  faculty  of  replacing  each  other  in  Compounds ; tlius  we 
find  that  KO,  Na  O,  Ca  O,  Mg  O,  &c.,  replace  each  other.  These 
substances  likewise  must  be  expressed  collectively  in  the  formula. 


Abich  found  in  Andesine 

Amount  of  oxygen. 


Silicic  acid 

59-60  . 

• . 

30-94 

Alumina 

24-28 

. 11-22 

Sesquioxide  of  iron 

1-58  . 

. 0-48 

11-70 

Lime 

5 77  . 

1-61\ 

Magnesia 

108 

0*43 

Y . . 3-90 

Soda 

6-53  . 

1-68 

Potassa 

1-08  . 
99-92 

. o-isj 

The  ratio  between  3 90  : 1 1 "70  : 

is  as  1 

30-94 
: 3 : 7-93; 

for  which  we  may  safely  substitute 

1:3:8. 

Designating  one  equivalent  of  metal  by  r,  we  find  from  these  numbers 
the  formula  : 

RO  + R2  03  + 4 Si  02 
= RO,  Si  02  + R2  03,  3 Si  02, 
which  may  likewise  be  written  : 


Ca  \ 


Showing  thus  that  this  mineral  is  Leucite  (K  O,  Si  02  + Al2  03,  3 Si02), 
in  which  the  greater  part  of  the  potassa  is  replaced  by  Urne,  soda,  and 
magnesia,  and  a portion  of  the  alumina  by  scsquioxide  of  iron. 

These  remarks  respecting  the  deduction  of  formulse  for  oxygen  salts, 
apply  of  course  equally  to  metallic  sulphides. 
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IV.  CaLCULATION  OF  THE  DENSITY  OF  THE  VAl’ORS  OF  VOLATILE 
BO  DIES  AND  APPLICATION  OF  THE  RESULTS,  AS  A MEANS  OF  CONTROL- 
LING THEIR  ANALYSES  AND  DETERMINING  THEIR  ATOMIC  WEIGHTS. 

§ 172. 

The  specific  gravity  of  a compound  gas  is  equal  to  the  sum  of  the  spe 
cific  gravity  of  its  rcspective  constituents  in  one  volume. 

E.  g.  Tvvo  volumes  of  hydrogen  gas,  and  one  volume  of  oxygen  gas, 
give  tvvo  volumes  of  aqueous  vapor.  If  they  gave  simply  one  volume  of 
aqueous  vapor,  the  specific  gravity  of  the  latter  would  be  equal  to  the  sum 
total  of  the  specific  gravity  of  the  oxygen  and  double  the  specific  gravity 
of  the  hydrogen,  viz.  : 

2x0-060 1 = 0- 13820 
+ 1-10563 

= 1-24383 

But  as  they  give  two  volumes  of  aqueous  vapor,  these  1 .24383  are 
distributed  betvveen  these  two  volumes  ; accordingly 

1-24383 

= 0-62192. 

2 

It  will  be  readily  seen  that  the  knowledge  of  the  density  of  the  vapoi 
of  a compound  substance  supplies  an  excellent  means  of  Controlling  the 
correctness  of  a formula  witli  regard  to  the  relative  proportions  of  the 
equivalents. 

For  instance  : from  the  results  of  the  elementary  analysis  of  camplior, 
we  have  deduced  the  empirical  formula : 

c10h8o. 

Dumas  found  the  density  of  the  vapor  of  camphor=5-3 14.  Now, 
by  what  means  do  we  find  whether  the  deduced  formula  is  correct  with 


respect  to  the  relative  proportions  of  the  equivalents  ? 

Specific  gravity  of  the  vapor  of  carbon  0-8293 

,,  ,,  ,,  hydrogen  gas  0-0691 

„ ,,  ,,  oxygen  gas  1*1056 

10  equ.  C = 10  volumes  = 10  x 0-8293  = 8-2930 

8 equ.  II  = 16  volumes  = 16  x 0-0691  = 1-1056 

1 equ.  O = 1 volume  = 1 x 1 * 1 056  = 1-1056 


10-5042 

This  sum  is  almost  exactly  twice  as  large  as  the  specific  gravity  found 
by  direct  experiment  (^|^  = 5"2521) ; which  shows  that  the  relative  pro- 
portions of  the  equivalents  are  correctlv  given  in  the  empirical  formula  of 
camphor.  But  whether  the  formula  is  correct,  also,  with  regard  to  the 
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absolute  number  of  equivalents,  cannot  be  determined  from  the  density  of 
the  vapor,  because  we  do  not  know  to  how  many  volumes  of  camphor 
vapor  an  atom  of  camphor  corresponds.  Liebig  assumes  the  atom  of  cam- 
phor to  correspond  to  two  volumes,  and  gives  accordingly  the  formula 
C10  II 80  ; whilst  Dumas  assumes  it  to  correspond  to  four  volurqps,  and 
gives  the  formula  accordingly  C20  III602. 

The  knowledge  of  the  density  of  the  vapor  affords,  therefore,  simply  a 
means  of  Controlling  the  correctness  of  the  analysis,  but  not  of  establishing 
a rational  formula ; and  although  it  is  made,  nevertheless,  to  serve  some- 
times  for  the  latter  purpose,  yet  this  can  be  done  only  in  the  case  of  sub- 
stances  for  which  we  are  able  to  infer  from  analogy  a certain  ratio  of 
condensation  : thus,  for  instance,  experience  proves  that  one  equivalent  of 
most  of  the  hydrates  of  the  volatile  organic  acids  corresponds  to  4 volumes. 

In  § 171,  2,  we  have  deduced  the  rational  formula  of  hydrated  benzoic 
acid  at  CuH604.  Dumas  and  Mitscherlich  found  the  density  of  the 
vapor  of  this  acid  = 4*260. 

Now  nearly  the  same  number  is  obtained  by  dividing  by  4 the  sum 
total  of  the  specific  gravities  of  the  several  constituents  contained  in  one 
atom  of  hydrated  benzoic  acid. 

14  volumes  C = 11  •6102 
{ 12  volumes  H = 0-8292 
4 volumes  0 = 4*4224 


16*8618 

=42154 

4 

Having  thus  shown  how  the  knowledge  of  the  density  of  the  vapor  of  a 
body  is  turned  to  account  as  a means  of  Controlling  the  results  of  an 
elementary  analysis  of  the  same,  we  will  now  proceed  to  show  how  the 
density  of  the  vapor  is  calculated  from  the  data  obtained  as  described  in 
§ 161. 

We  will  take  as  an  Illustration  Dumas' s estimation  of  the  density  of  the 
vapor  of  camphor. 

The  immediate  results  of  the  process  were  as  follows  : 

Temperature  of  the  air  ....  ]3-5°C. 

Ileight  of  the  barometer  . . . .742  millimeters 

Temperature  of  the  bath  at  the  time  of  sealing  the 

globe  .....  244°  C. 

Increase  of  weight  of  the  globe  . 0-708  grm. 

Volume  of  the  mercury  required  to  fill  the 

globe  . . . 295  cubic  centimeters 

Air  remaining  in  the  globe  0 

Now,  to  find  the  density  of  the  vapor,  w-e  have  to  answer  threc  ques- 
tions,  viz.. 
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1.  What  is  the  weight  of  the  air  whicli  the  globe  holds  ? (This  we 
must  necessarily  know  for  tlie  solutiou  of  the  second  question.) 

2.  What  is  the  weight  of  the  camphor  vapor  which  the  globe  holds  ? 

3.  To  what  volume  does  the  camphor  vapor  correspond  at  0°  C.  and 
0’760  millimeters  bar.? 

The  solution  of  these  questions  is  quite  simple  ; and  if  the  calculation, 
notwithstanding,  appears  somewhat  circuitous  and  complicated,  this  is 
merclv  owing  to  the  several  reductions  and  corrections  which  are  required. 

1 .  The  globe  holds  295  cubic  centimeters,  as  we  see  from  the  volume 
of  mercury  required  to  filkit. 

Now,  liow  much  are  295  cubic  centimeters  of  air  of  13\5°  C.  and  0742 
millimeters  bar.,  at  0°  C.  and  750  millimeters  bar.  ? 

This  question  is  solved  according  to  the  directions  of  § 166,  by  the 
following  proportions  : 

760  : 742  : : 295  : x 


x = 288  cubic  centimeters. 


(Of  13*5°  C.  and  760  milli- 
meters bar.) 


and  again : 
288 


288 


1 +(13-5x0-00366)  1-04941 


= 274  cubic  centimeters  (of  0 C.  and  760 


millimeters  bar.) 


Now  one  cubic  centimeter  of  air  of  0°  C.  and  760  millimeters  bar.  weighs 
0 0012932  grm.  ; 274  cubic  centimeters  weigh  accordingly 

0-0012932  x 274  = 0-35434  grm. 

2.  What  is  the  weight  of  the  vapor  ? 

A.t  the  beginning  of  the  experiment  we  tared  the  globe  + the  air  within  it ; 
we  afterwards  weiglied  the  globe  + the  vapor  (but  without  the  air); — to 
find,  therefore,  the  actual  weight  of  the  vapor,  it  is  not  sufficient  to  sub- 
tract  the  tare  from  the  weight  of  the  globe  filled  with  vapor,  since  ( glass+ 
vapoi •) — (jglass -\- air)  is  not  = vapor  ; but  we  have  either  to  subtract,  in 
the  first  place,  the  weight  of  the  air  from  the  tare,  or  to  add  the  weight  of 
the  air  to  the  increase  of  the  weight  of  the  globe.  Let  us  do  the 
latter  : 

Weight  of  the  air  in  the  globe  = 0-35434  grm. 

Increase  of  the  weight  of  the  globe  = 0-70800  grm. 


The  weight  of  the  vapor  is  accordingly  = 1-06234  grm. 

3.  Now  to  what  volume  at  0°  C.  and  760  millimeters  bar.  does  this 
T0G234  grm.  of  vapor  correspond? 

We  know  from  the  above  given  data  that  this  weight  corresponds  to 
295  cubic  centimeters  at  244°  C.,  and  742  millimeters  bar.  Before  we  ean 
proceed.  to  reduce  this  volume  according  to  the  directions  of  §>  166,  the 
following  corrections  are  necessary  : 
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ö.  244°  C.  of  the  mercurial  therrnometer  correspond,  according  to  Magnus' s 
experiments,  to  239°  C.  of  the  air  therrnometer — (see  Table  VI.) 

b.  According  to  Dulong  and  Petit,  glass  expands  (commencing  at  0°  C.) 
3-5-i^ö  °f  volume  for  every  one  degree  C.  The  volume  of  the  glohe 
at  the  time  of  sealing,  was  accordiugly  : 

295 239  __  2g?  cu]jjc  centimeters. 
3oUÜ0 

If  we  now  proceed  to  reduce  this  volume  upon  0°  C.  and  760  millimeters 
bar.,  we  find  by  the  proportion, 

760  : 742  ::  297 : x 

x ( i . e.  cubic  centimeters  of  vapor  at  760  millimeters  bar.  and  239°  C.) 

=290  ; and  by  the  equation, 

290 

1 + (239x  0-00366=  * 

x (i.  e.  cubic  centimeters  of  vapor  at  760  millimeters  bar.  and  0°  C.) 
= 154-6 

154-6  cubic  centimeters  of  camphor  vapor  of  0J  C,  and  760  millimeters 
bar.  weigh  accordiugly  1-06234  grm. 

One  litre  (1000  cubic  centimeters)  weighs  consequently  6-8715  grms. ; 
since 

154-6  : 1-06234  : : 1000  : 6-8715. 

Now  one  litre  of  air  of  0°  C.,  and  760  millimeters  bar.  weighs  1*2932 
grm. 

The  density  of  the  camphor  vapor  consequently  is  = 5-314  ; since 
1-2932:  6-8715  : : 1:5-314. 


PART  II. 


SPECIAL  PART. 


I.  ANALYSIS  OF  WATEÜS. 


A.  Analysis  of  fresh  water  in  springs,  wells,  hrooks, 

RIVERS,  &C.* 

§ 173. 

The  analysis  of  the  several  kinds  of  fresh  water  usually  is  restrictcd  to 
the  quantitative  estiraation  of  the  following  substances  : 

a.  Bases  : Soda,  lime,  magnesia. 

b.  Acids  : Sulphuric  acid,  sihcic  acid,  carbonic  acid  (combined),  chlorine. 

c.  Suspended  matters  : Clay,  &c. 

We  confine  ourselves  here  therefore  to  these  bodies.  If  the  examina- 
tion  is  to  extend  to  other  constituents  besides  these,  the  methods  given  in 
§§  174  to  180  are  resorted  to. 

I.  The  water  is  clear. 

1.  Determination  of  the  chlorine.  Take  from  500  to  1000  grammes  or 
c.c.t  Acidulate  with  nitric  acid,  and  precipitate  with  nitrate  of  silver. 
Filter  when  the  precipitate  has  completely  subsided  (§  112,  I.  a.).  If 
the  quantity  of  the  chlorine  is  so  inconsiderable  that  the  solution  of  nitrate 
of  silver  produces  only  a slight  turbidity,  evaporate  a larger  portion  of 
the  water  to  one-half,  a quarter,  one-sixth,  &c.,  filter,  wash  the  precipitate, 
and  treat  the  filtrate  as  directed. 

2.  Determination  of  the  sulphuric  acid.  Take  about  1000  grammes. 
Acidulate  with  hydrochloric  acid  and  mix  with  chloride  of  barium.  Filter 
when  the  precipitate  has  completely  subsided  (§  105,  I.  1).  If  the  quan- 
tity of  the  sulphuric  acid  is  very  inconsiderable,  evaporate  the  acidified 
water  to  one-half,  one  quarter,  one-sixth,  &c.,  before  addiug  the  chloride  of 
barium. 

3.  Determination  of  the  total  amount  of  the  salts,  and  also  of  the  soda , 
lime,  magnesia,  and  silicic  acid. 

* Compare  the  chapter  on  the  same  suhject  in  Fresenius’s  Qualitative  Analysis. 

+ As  the  specific  gravity  of  the  fresh  water  of  springs,  rivers,  &c.,  differs  hut  little  from 
that  of  pure  water,  the  several  quantities  of  water  maysafely  he  measured  instead  of  weighed. 
The  calculation  is  facilitated  by  taking  a round  number  of  cubic  centimeters. 
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a.  Evaporate  1000  grammes  of  the  water  cautiously  to  dryness,  in  a 
platinum  or  porcelain  dish,  first  over  a lamp,  finally  on  the  water-bath. 
Expose  the  residue,  in  the  air-bath,  to  a temperature  of  about  390° 
until  no  furtber  diminution  of  weiglit  takes  place.  This  gives  the  total 
amount  of  the  salts. 

h.  Treat  the  residue  with  water,  and  then  cautiously  add  dilute  sul- 
pburic  acid  in  moderate  excess ; cover  the  vessel  during  tbis  Operation  with 
a dish,  to  avoid  loss  from  spirting,  and  lastly  place  on  the  water-bath. 
After  ten  minutes  rinse  the  cover  by  means  of  a washing  bottle,  evaporate 
the  contents  of  the  disli  to  dryness,  expel  the  free  sulpliuric  acid,  ignite 
the  residue  intensely  (§  77,  1),  and  weigh.  The  residue  consists  of  sul- 
phate  of  soda,  sulphate  of  lime,  sulpbate  of  magnesia,  and  some  silicic 
acid  which  bas  separated. 

c.  Heat  the  contents  of  the  dish  with  water  nearly  to  boiling  ; * allow  it 
to  deposit,  and  pass  the  solution  through  a filter.  ltepeat  this  Operation 
four  or  five  times  with  small  quantities  of  water,  to  ensure  the  solution  of 
all  the  sulphate  of  soda  and  sulphate  of  magnesia. 

Put  the  small  dish  with  the  undissolved  sulphate  of  lime,  which  contains 
silicic  acid,  temporarily  aside  under  a bell-glass  ; dry  the  filter  through 
which  the  fluid  has  passed,  and  then  burn  it  on  a platinum  wire  so  that 
the  ashes  may  fall  into  the  dish. 

d.  Mix  the  fluid  with  chloride  of  ammonium,  and  add  some  oxalate  of 
ammonia.  Filter  when  the  small  quantity  of  oxalate  of  lime  (correspond- 
ing  to  the  sulphate  of  lime  which  has  got  into  the  solution)  has  subsided. 
Wash  and  dry  the  filter,  and  then  burn  it  in  or  over  the  dish  which  con- 
tains the  principal  portion  of  the  lime  as  sulphate  ; treat  the  contents  of 
the  dish  cautiously  with  some  dilute  sulpliuric  acid ; evaporate,  ignite, 
and  weigh.  Heat  the  weighed  contents  of  the  dish  with  concentrated 
hydrochloric  acid,  to  dissolve  the  sulphate  of  lime.  Treat  the  undissolved 
residuary  silicic  acid  repeatedly  with  hydrochloric  acid,  and,  lastly,  wash 
it  thoroughly  on  a small  filter.  Deduct  the  weight  of  the  silicic  acitl 
from  that  of  the  last  weighed  contents  of  the  dish  ; the  difference  expresses 
the  weight  of  the  sulphate  of  lime,  from  which  the  lime  is  then  ultimately 
calculated. 

e.  In  the  fluid  filtered  from  the  oxalate  of  lime  determine  the  magnesia 
with  phosphate  of  soda  (§  82,  2).  Calculate  the  precipitate  obtained  for 
sulphate  of  magnesia,  and  deduct  the  quantity  of  sulphate  found,  together 
with  that  of  the  sulphate  of  lime  and  the  silicic  acid,  from  the  total 
amount  of  the  salts  as  ascertained  in  b.  : what  remains  is  sulphate  of  soda. 

4.  Calculate  the  numbers  found  in  1 to  3,  for  1000  parts  of  water,  and 

* If  the  quantity  of  the  lime  is  inconsiderable  you  may  also  heat  the  contents  of  the  dish 
with  hydrochloric  acid,  until  all  is  dissolved,  except  the  silicic  acid.  Filter  the  fluid,  well 
wash  the  silicic  acid,  dry  and  weigh  it.  Treat  the  filtrate  as  directed  in  d. 
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determine  from  the  data  obtained  the  amount  of  carbonic  acid  in  combina- 
tion, as  follows  : 

Add  together  the  quantities  of  sulphuric  acid  corresponding  to  the  hases 
found,  and  subtract  from  the  sum,  first,  the  amount  of  sulphuric  acid 
precipitated  from  the  water  by  chloride  of  barium  (2),  and  secondly,  an 
amount  corresponding  to  that  of  the  chlorine  found  (for  one  equivalent  of 
CI,  one  equivalent  of  S03)  ; the  difference  expresses  the  quantity  of  the 
carbonic  acid  combined  with  the  bases  in  the  form  of  neutral  carbonates. 
500  parts  of  sulphuric  acid  remaining  after  the  subtraction  of  the  quanti- 
ties just  stated,  correspond  to  275  parts  of  carbonic  acid. 

5.  Control. 

If  the  quantities  of  the  soda,  the  lime,  the  magnesia,  the  sulphuric 
acid,  the  silicic  acid,  the  carbonic  acid,  and  the  chlorine,  are  added  together, 
and  an  amount  of  oxygen  corresponding  to  the  chlorine  (since  this  is  com- 
bined with  metal  and  not  with  oxide)  is  subtracted  from  the  sum,  the 
balance  remaining  must  closely  correspond  to  the  total  amount  of  the  salts 
found  in  3,  a.  Perfect  correspondence  cannot  be  expected,  since,  1,  upon 
the  evaporation  of  the  water  chloride  of  magnesium  is  partially  decomposed, 
and  converted  into  a basic  salt ; 2,  the  silicic  acid  expels  some  carbonic 
acid  ; 3,  it  is  difficult  to  free  carbonate  of  magnesia  from  water  without 
incurring  loss  of  oxygen  ; and  4,  the  residue  remaining  upon  the  evapora- 
tion of  the  water,  contains  the  carbonate  of  magnesia  as  a basic  salt, 
whilst  in  our  calculation  we  have  assumed  the  quantity  of  carbonic  acid 
corresponding  to  the  neutral  salt. 

II.  The  water  is  not  clear. 

Fill  a large  flask  of  known  capacity  with  the  water,  close  with  a glass 
stopper,  and  allow  the  flask  to  stand  in  the  cold  until  the  suspendcd  matter 
is  deposited ; draw  off  the  clear  water  with  a siphon  as  far  as  practicable, 
filter  from  the  residuary  Sediment,  dry  or  ignite  the  contents  of  the  filter, 
and  weigh.  Treat  the  clear  water  as  directed  in  I. 

ltespecting  the  calculation  of  the  analysis,  I refer  to  § 180,  remarking 
simply  that  it  is  usually  * arranged  upon  the  following  principles  : 

Chlorine  is  calculated  in  combination  with  the  sodium  ; if  there  is 
an  excess,  this  is  calculated  in  combination  with  the  magnesium  ; if  there 
is  still  an  excess,  this  is  calculated  in  combination  with  the  calcium. 
If,  on  the  other  hand,  there  remains  an  excess  of  soda,  this  is  calculated 
in  combination  with  sulphuric  acid.  The  sulphuric  acid  or,  if  part  of 
this  has  been  calculated  already  in  combination  with  soda,  the  remainder 
of  it  is  estimated  in  combination  with  lime.  The  silicic  acid  is  put  down 
in  the  free  state,  the  remainder  of  the  lime  and  the  magnesia  as  carbonates, 
and  this,  according  to  the  circumstances,  as  neutral  carbonates,  or  as  bi- 
carbonates. 

* There  is  a certain  latitude  allowed  in  the  mode  of  arranging  the  calculation  of  the 
results. 
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It  must  always  bc  borne  in  mind  tliat  the  results  of  tlie  qualitative 
analysis  may  render  anotber  arrangement  of  the  calculation  necessary. 
In  the  Statement  of  the  results  the  quantities  are  often  calculated  for 
10000  parts  of  water  instead  of  1000  parts;  and  frequently  also  in 
grains  per  pound  of  water  (1  pound=/680  grains). 


B.  ANALYSIS  OF  MINERAL  WATERS.* 

§ 174. 

In  the  analysis  of  mineral  waters  we  have  a larger  number  of  sub- 
stances  than  claim  our  attention  in  that  of  fresh  waters.  In  general 
the  following  substances  have  to  be  quantitatively  determined  in  an 
analysis  of  a mineral  water  : 

a.  Bases : Potassa,  soda,  lithia,  ammonia,  lime,  baryta,  strontia,  mag- 

nesia,  alumina,  protoxide  of  iron,  protoxide  of  manganese 
(oxide  of  zinc,  oxide  of  copper,  oxide  of  lead,  binoxide  of  tin, 
teroxide  of  antimony). 

b.  Acids : Sulphuric  acid,  pliosphoric  acid,  silicic  acid,  carbonic  acid, 

boracic  acid,  nitric  acid,  chlorine,  iodine,  bromine,  fluorine, 
hydrosulphuric  acid,  crenic  acid,  apocrenic  acid  (arsenious 
and  arsenic  acids). 

c.  Non-combined  elements  and  indifferent  gases  : Oxygen,  nitrogen, 

Carbide  of  hydrogen. 

d.  Indifferent  organic  substances. 

Many  of  these  substances  occur  in  most  springs,  in  predominant  pro- 
portions ; of  the  bases,  more  particularly  soda,  lime,  magnesia,  and  some- 
times  also  protoxide  of  iron ; and  of  the  acids, — sulphuric  acid,  carbonic 
acid,  silicic  acid,  chlorine,  and  sometimes  also  hydrosulphuric  acid.  The 
others  are  almost  invariably  found  in  exceedingly  minute  proportions  only. 
The  substances  between  brackets  occur  usually  only  in  the  muddy,  ochreous 
or  solid  sinter  deposits  of  springs,  f which  form,  in  most  mineral  springs, 
in  the  parts  where  the  air  acts  upon  the  water  flowing  off,  or  kept  in  a 
reservoir. 

We  shall  discuss  the  subject  of  the  analysis  of  mineral  waters  linder 
two  heads,  viz.,  1.  The  performance  of  the  analytical  process  ; and,  2. 
The  calculation  and  arrangement  of  the  results. 

* Compare  the  chapter  on  the  same  subject  in  Fresenius’s  Qualitative  Analysis. 

•|-  If  they  contain  oxide  of  lead,  oxide  of  copper,  &c.,  which  might  proceed  from  metal 
tubes,  stopcocks,  &c.,  the  real  origin  of  the  oxides  must  be  most  carefully  ascertained  (see 
qualitative  analysis). 
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1.  Performance  of  the  analytical  process. 

The  performance  of  the  analytical  process  is  divided  into  two  parts, 
viz.,  1,  operations  and  experiments  at  the  source;  and,  2,  operations  and 
experiments  in  the  laboratory. 

A.  Operations  and  Experiments  at  the  source. 

§ 175. 

I.  ApPARATUS  AND  OTHER  REQUISITES. 

1 . A pipette  (frequently  called  a siphon)  of  from  three  hundred  to  four 
hundred  cubic  centimeters  capacity  (see  Fig.  90).  The  exact 
capacity  of  the  pipette  is  ascertained  by  filling  it  with  water, 
and  measuring  the  contents. 

2.  Five  bottles,  provided  with  good  corks ; each  of  these 
bottles  should  hold  about  one  and  a half  times  the  contents 
of  the  pipette. 

3.  A good  thermometer.  One  with  cut,  or  etched  divi- 
sional  lines  on  the  stem  answers  best. 

4.  A mixture  of  two  volumes  of  solution  of  atnmonia  and 
one  volume  of  solution  of  chloride  of  barium.  This  mixture 
generally  becomes  turbid,  which,  however,  is  of  no  conse- 
quence.  It  is  filtered. 

5.  About  eight  white  glass  bottles  of  from  one  and  a half  to  two  litres 
capacity,  with  well  fitting  stoppers  ; ground  glass  stoppers  answer  the 
purpose  best ; if  corks  are  used  it  is  advisable  to  cover  them  with  a thin 
piece  of  vulcanised  india-rubber. 

6.  Some  larger  bottles,  holding  together  at  least  fifty  pounds  of  water, 
with  tight-closing  corks  or  glass-stoppers  ; instead  of  these  a small  carboy 
may  be  used. 

7.  One  middle  sized  and  two  large  funnels. 

8.  Swedish  filtering  paper. 

9.  Flasks,  beakers,  lamp,  glass  rods,  glass  tubes,  caoutchoue  • tubes, 
files,  scissors,  knife,  corks,  string,  &c. 

10.  Reagents,  more  especially  the  following : ammonia,  hydrochloric 
acid,  acetic  acid,  tannic  acid,  and  gallic  acid  (infusion  of  galls),  tincture  of 
litmus  (newly  prepared),  test  papers.  Besides  these  articles,  the  following 
are  also  required  under  certain  circumstances  : 

a.  If  the  water  contains  sulphuretted  hydrogen  or  an  alkaline  sulphide. 

11.  A solution  of  iodine  in  iodide  of  potassium  of  known  strength. 
This  must  be  very  dilute  ; the  best  way  is  to  prepare  it  by  adding  to  one 
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volume  of  Hunsen’ s solution  of  iodine  (§  114,  Appendix)  four  volumes  of 
water;  wliich  gives  a mixture  containing  in  100  c.  c.  about  0100  grms. 
of  iodine. 

12.  Acetic  acid. 

13.  Starch. 

14.  A burette. 

b.  If  the  water  contains  a large  proportion  of  protoxide  of  iron,  and 
this  is  to  be  determined  at  the  source  in  the  direct  wag  ( volumetrically ). 

15.  A solution  of  permanganate  of  potassa.  For  waters  abounding  in 
iron,  this  solution  must  be  of  that  degree  of  dilution  that  100  c.  c.  of  it 
convert  about  (W)4  grm.  of  iron  from  the  state  of  protoxide  to  that  of  ses- 
quioxide.  If  the  water  contains  only  a moderate  proportion  of  iron,  the 
solution  must  be  still  more  largely  diluted.  As  it  is  necessary  to  fix  its 
strengtli  on  the  spot,  a burette,  a pipette,  and  a weighed  piece  of  pianoforte 
wire  are  also  required. 

c.  To  determine  the  indifferent  gases  dissolved  in  the  water  ( nitrogen , 
oxijgen , $•<?.). 

16.  A glass  globe  of  known  capacity  (this  should  hold  about  770 
c.  c.). 

17.  A delivery  tube,  fitted  air-tight  into  the  perforated  cork  of  the 
globe  (16). 

18.  A graduated  cylinder  of  about  150  c.  c.’s  capacity  ; and  a number 
of  tubes  of  the  kind  described  in  23. 

19.  A small  pneumatic  trough. 

20.  Solution  of  potassa. 

21.  A tripod  for  supporting  the  globe. 

22.  Some  wax. 

d.  To  determine  the  gases  evolved  at  the  source. 

23.  A blowpipe,  and  a number  of  tubes  of  the 
shape  illustrated  in  Fig.  9 1 . 

These  tubes  should  be  fromtwo  to  three  centimeters 
wide,  and  the  part  a b from  ten  to  twelve  centimeters 
long.  They  are  intended  to  receive  the  gas  at  the 
source,  that  it  may  afterwards  be  examined  in  the  labo- 
ratory.  To  examine  the  gas  thoroughly  on  the  spot 
would  require  a complete  mercurial  pneumatic  appa- 
ratus  ; whilst  simply  to  ascertain  the  amount  of  the 
carbonic  acid  absorbable  by  solution  of  potassa,  as 
compared  to  that  of  the  other  gases,  wliich  are  not 
absorbed  by  that  agent,  requires  only  a graduated 
tube,  some  solution  of  potassa,  and  a small  funnel. 

If  the  water  evolves  sulphuretted  hydrogen,  the  analyst  must  provide 
himself,  in  addition  to  the  above  enumerated  articles,  with, 
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24.  A flask  with  the  neck  somewhat  drawn  out ; and  with  a caoutchouc 
tube  and  compression  stop-cock  ; and, 

25.  An  ammoniacal  solution  of  cliloride  of  copper  (see  § 176,  14). 


II.  Analytical  processes. 

§ 176. 

1 . Examine  the  water  as  regards  its  outward  appearance  (color,  clear- 
ness,  &c.).  A.  water  will  often  appear  clear  at  a first  glance,  and  yet  upon 
closer  inspection  in  a large  white  bottle  show  a few  or  even  a great  many 
colored  or  colorless  flakes,  &c.  If  this  happens  to  be  the  case,  the  bottle 
is  allowed  to  stand  a day  or  two  ; the  clear  water  is  then  decanted,  and 
the  matters  which  may  have  subsided  are  examined  under  the  miscroscope. 
This  examination  often  reveals  the  presence  of  infusoria,  plants  of  the 
lowest  order,  &c.* 

2.  Observe  wbether  gas  is  disengaged  at  the  source  ; whether  the  water  in 
a glass  forms  small  pearly  bubbles  ; and  whether  it  evolves  gas  when  shaken 
in  a half-filled  bottle. 

3.  Examine  the  taste  and  smell  of  the  water.  To  detect  very  minute 
portions  of  odorous  matters,  half  fill  a tumbler,  or  better  still,  a water  bottle, 
cover  with  the  hand,  shake  vigorously,  take  off  the  hand,  and  smell  the 
water. 

4.  Ascertain  the  reaction  of  the  water  by  testing  with  the  several 
test  papers  (or,  better  still,  with  blue  and  but  very  slightly  reddened  tinc- 
ture  of  litmus)  ; and  observe  whether  the  color  which  it  has  acquired 
changes  upon  drying  in  the  air. 

5.  Examine  the  temperature  of  the  water.  The  simplest  and  best  way 
of  effecting  this  is,  if  practicable,  to  plunge  the  thermometer  into  the 
spring,  and  to  note  accurately  the  lieight  of  the  mercury  whilst  the  thermo- 
meter still  remains  in  the  water  ; or  a long  bottle  with  a thermometer  in  it, 
is  filled  with  water  by  immersion  in  the  spring,  and  left  some  time  in  the 
latter  ; it  is  then  taken  out,  and  the  height  of  the  thermometer  in  the  flask 
accurately  noted.  If  the  water  flows  from  a pipe,  it  is  received  in  a small 
wide-necked  flask,  which  is  then  emptied  and  re-fiiled ; it  is  emptied 
again  and  refilled  once  more  ; the  bulb  of  the  thermometer  is  exposed  for  a 
time  to  the  action  of  the  water  flowing  from  the  pipe,  and  then  ultimately 
plunged  into  the  water  in  the  flask. 

In  addition  to  the  temperature  of  the  spring  must  be  noted  also  : 

a.  The  date  ; 

* Compare  “ Chemische  Untersuchung  der  wichtigsten  Mineralwasser  des  Herzogthunis 
Nassau,  von  Professor  Dr.  Fresenius,  III.  Die  Quellen  zu  Schlangenbad.  Wiesbaden  bei 
W.  O.  Kreidel,  1852 and,  more  particularly  Schulz  in  “Jahrbücher  des  Vereins  für 
Naturkunde  im  Herzogthume  Nassau,”  Heft  VIII. 
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b.  The  temperature  of  the  air. 

c.  The  circumstance  whether  the  temperature  of  the  water  is  constant, 
or  varies  in  the  different  seasons  of  the  year  ; which  may  generally  be 
ascertained  on  the  spot. 

6.  Fill  the  bottles  named  in  § 175,  5,  with  water.  This  must  be  effected 
with  great  care,  to  prevent  the  turbid  water  entering  into  the  bottles, 
which  is  very  likely  to  happen,  if  you  knock  against  the  bott.om  or  sides  of 
the  basin  at  the  source.  If  you  cannot  succeed  in  procuring  the  water  quite 
clear,  filter  it  in  four  of  the  eight  bottles,  using  for  this  purpose  large 
funnels  with  folded  Alters  of  Swedish  paper,  which  will  greatly  expedite 
the  process  of  filtration.  Close  the  bottles  well,  and  mark  them  dis- 
tinctly. 

7.  Pour  about  80  c.  c.  of  the  newly  filtered  and  perfectly  clear  ammo- 
niacal  solution  of  Chloride  of  barium  (§  175,  4)  into  each  of  the  five 
bottles  named  in  § 175,  2. 

8.  Immerse  the  pipette  slowly  until  the  upper  part  is  below  the  sur- 
face  of  the  water ; close  the  aperture  tight  with  the  thumb,  and  lift  the 
pipette  out  of  the  spring  ; transfer  the  contents  of  the  pipette  to  oue  of 
the  five  bottles,  and  immediately  insert  the  cork  tightly.  Fill  the  other 
four  bottles  in  the  same  way.  For  greater  safety  secure  the  corks  with 
string.  If  the  water  flows  from  a pipe,  this  mode  of  filling  the  bottles 
will  not  answer.  In  such  cases  I weigh  the  bottle  and  cork  with 
the  ammoniacal  solution  of  chloride  of  barium  in  it.  I then  allow  the 
water  to  enter  until  the  bottle  is  nearly  full,  when  I quickly  insert  the 
cork,  and  weigh  again. 

9.  If  the  water  contains  hydrosulphuric  acid,  determine  the  latter  in  a 
large  measured  portion  of  the  water  with  the  aid  of  the  solution  of  iodine 
(§  175,  11),  as  directed  § 116,  I.  a.  Take  care  to  lose  as  little  gas  as 
possible  in  the  measuring,  which  may  be  effected  with  the  pipette.  If 
the  water  contains  an  alkaliue  carbonate,  you  must  add  some  acetic  acid 
or  chloride  of  barium  before  adding  the  solution  of  iodine  (§  116,  II. 
2,  b.  a.). 

It  is  often  desirable  to  know  whether  sulphuretted  hydrogen  escapes 
upon  ebullition.  To  ascertain  this,  fill  a flask  about  three-fourths  with  a 
measured  portion  of  the  water,  close  the  mouth  of  the  flask  with  a per- 
forated  cork  into  which  a bent  tube  is  fitted  air-tight.  Boil  the  water  in 
the  flask,  and  when  the  ebullition  bas  lasted  twenty  minutes,  place  over 
the  end  of  the  bent  tube  a piece  of  a caoutchouc  tubing  which  is  closed  at 
the  other  end  with  a piece  of  a glass  rod.  Acidify  the  cold  fluid  with 
acetic  acid,  and  test  with  solution  of  iodine.  The  difference  between  the 
results  of  this  Operation,  and  those  obtained  by  the  process  described  in  9, 
shows  the  quantity  of  sulphuretted  hydrogen  which  has  escaped. 

10.  If  the  water  contains  a somewliat  large  proportion  of  carbonate  of 
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protoxide  of  iron — which  is  indicated  by  the  rather  dark  violet  color  exhi- 
bited  upon  addition  of  gallic  and  tannic  acids — endeavour  to  determine 
the  carbonate  of  protoxide  of  iron  volumetrically  with  the  aid  of  the 
dilute  solution  of  permanganate  of  potassa  (§  175,  15.  Compare  § 89, 
2,  «,).  Take  for  the  experiment  about  500  c.  c.  of  the  water.  Perform 
the  experiment  in  a white  bottle  Standing  on  a sheet  of  white  paper.  Mix 
the  water  previously  with  pure  hydrochloric  acid. 

Repeat  the  experiment  several  times  until  you  obtain  sufficiently  con- 
stant  results.* 

If  the  water  smells  of  sulphuretted  hydrogen,  or  if  it  contains  a notable 
proportion  of  organic  substances,  this  method  cannot  be  employed.f 

11.  If  you  wish  to  determine  the  indifferent  gases  (nitrogen,  oxygen, 
Carbide  of  hydrogen)  which  the  water  holds  in  solution,  and  which  escape 
upon  boiling,  fill  the  glass  globe  (§  175,  16),  quite  full  with  the  mineral 
water,  and  fix  the  delivery  tube,  also  quite  full  of  the  water  and  closed  at 
the  exit  aperture  with  a little  wax  stopper,  in  the  globe  by  means  of  a per- 
forated  cork.  Place  the  globe  on  the  tripod  ; let  the  delivery  tube  dip  into 
the  pneumatic  trough,  which  is  filled  with  weak  solution  of  potassa,  and  in 
which  the  graduated  glass  cylinder,  also  filled  with  that  fluid,  is  inverted. 
Take  out  the  little  wax  plug,  insert  the  exit  end  of  the  delivery  tube  into 
the  mouth  of  the  cylinder,  and  heat  the  globe  ; keep  the  water  boiling 
with  a lamp  for  about  ten  minutes,  and  then  remove  the  delivery  tube  from 
the  trough.  Leave  the  cylinder  with  the  expelled  gases  a very  long  time 
inverted  in  the  trough  with  the  solution  of  potassa,  until  the  volume  of  the 
unabsorbed  gas  suffers  no  furtlier  diminution;  then  read  off  the  volume  with 
due  regard  to  the  temperature  and  atmospheric  pressure.  This  Operation 
gives  the  total  volume  of  the  indifferent  gases.  If  you  wish  to  ascertain 
the  actual  nature  of  the  gases,  repeat  the  experiment,  but  receive  the 


* By  this  expeditious  process  we  may  readily  ascertain  how  much  protoxide  of  iron  the 
water  of  a chalybeate  spring  loses  in  its  passage  to  the  reservoir,  and  thence  to  the  baths  : or 
after  being  kept  for  a shorter  or  longer  time  in  a stone  jar.  The  quantitative  estimation  of 
the  iron,  which  I made  in  a preliminary  examination  of  the  springs  of  Schwalbach,  corres- 
ponded  almost  exactly  with  the  results  of  a carefnl  analysis  made  afterwards  in  the 
laboratory. 

+ The  following  modification  which,  however,  I have  not  yet  tried,  might,  perhaps,  be 
adopted  in  the  analysis  of  mineral  water  in  which  hydrosulphuric  acid  only  is  present  with  the 
protoxide  of  iron.  Determine  the  amount  of  solution  of  iodine  which  corresponds  to  a certain 
definite  quantity  of  solution  of  permanganate  of  potassa,  in  its  action  upon  an  equal  quantity 
of  very  dilute  pure  sulphuretted  hydrogen  water.  Test  500  c.  c.  of  the  mineral  water  with 
solution  of  iodine,  and  another  500  c.  c.  with  solution  of  permanganate  of  potassa ; the  former 
process  gives  the  amount  of  the  sulphuretted  hydrogen  present  in  the  analysed  water;  the 
latter,  after  deducting  from  the  quantity  of  solution  of  permanganate  of  potassa  used  an 
amount  exactly  corresponding  in  its  action  upon  sulphuretted  hydrogen  to  the  quantity  of 
solution  of  iodine  used,  gives  the  proportion  of  the  iron  contained  in  the  analysed  water. 
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gases  over  solution  of  potassa  in  tubes  of  the  form  described  § 175,  23, 
and  illustrated  in  Fig.  91  ;*  close  the  tubes  by  fusion  with  the  aid  of  the 
blowpipe,  whilst  the  aperture  remains  still  in  the  solution  of  potassa  ; 
carry  the  tubes  home  for  the  ulterior  processes  in  the  laboratory.  In 
sealing  the  tubes,  bear  in  mind  that  the  water  must  stand  higher  inside 
the  tube  than  outside,  since,  if  this  is  not  the  case,  the  glass  will  inevitably 
bulge  upon  the  application  of  the  blowpipe. 

12.  If  you  wish  to  ascertain  with  precision  the  nature  of  the  gases 
evolved,  receive  them  in  tubes  of  the  same  kind  as  in  11  (§  175,  23), 
by  inverting  the  latter  filled  with  mineral  water,  inserting  a small  funnel, 
and  receiving  the  ascending  bubbles  ; when  the  tube  is  nearly  full,  im- 
merse  it  in  a beaker  filled  with  the  water,  and  seal  at  the  narrowed  part 
with  the  blowpipe,  as  in  11.  It  is  necessary  to  fill  several  tubes  in  this 
way. 

13.  As  the  evolved  gases  consist  mostly  only  of  carbonic  acid,  oxygen, 
and  nitrogen,  it  often  suffices  to  determine  the  first  in  the  direct  way,  and 
to  estimate  the  sum  of  the  other  two  from  the  loss.  For  this  purpose 
receive  the  gases  in  a somewhat  narrow  graduated  cylinder  ; when  the 
latter  is  quite  full,  close  the  mouth  with  the  finger,  invert  it  in  a glass 
with  solution  of  potassa,  and  determine  the  quantity  of  the  unabsorbed 
gas.  Repeat  the  experiment.  several  times.  If  you  wish  to  determine 
approximately  the  oxygen  in  the  residuary  gaseous  mixture,  introduce  a 
ball  of  phosphorus  fused  on  a platinum  wire,  and  leave  it  in  the  mixture, 
until  the  volume  of  the  gas  suffers  no  further  diminution.  The  gas  absorbed 
by  the  phosphorus  is  oxygen. 

14.  If  sulphuretted  hydrogen  is  given  off,  fill  a rather  large  sized 
flask,  with  the  neck  somewhat  drawn  out,  with  the  mineral  water,  push 
over  the  neck  a piece  of  a wide  caoutchouc  tube  provided  with  a strong 
compression  stopcock  ; insert  into  the  other  end  of  the  caoutchouc  tube 
a funnel,  and  fill  the  latter  also  with  water.  Invert  the  whole  under  the 
surface  of  the  water,  and  receive  the  gases.  When  the  flask  is  full  close 
the  compression  stop-cock,  and  invert  the  flask  in  a beaker  containing 
solution  of  chloride  of  copper  mixed  with  ammonia  in  excess  ; open  the 
stopcock,  and  let  a sufficient  quantity  of  the  solution  enter  the  flask ; 
shut  the  cock,  shake,  allow  the  mixture  to  stand  some  time,  filter  the 
sulphide  of  copper  formed,  and  determine  the  sulphur  in  it  as  directed 
§ 116,  II.  2,  a.  Calculate  from  the  quantity  of  the  sulphur  found  the 
amount  of  sulphuretted  hydrogen.  By  subtracting  tbis  from  the  gases 
absorbable  by  solution  of  potassa  and  determiued  in  13,  you  obtain  tlie 
volume  of  the  carbonic  acid. 

* The  narrow  passage  in  the  tubes  impedes  the  entrance  of  the  gases ; this  may  he  remedied 
by  introducing  a strong  pianoforte  wire  beneath  the  confining  fluid,  and  moving  it  slowly  up 
and  down. 
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15.  Fill  tlie  large  bottles  (§  175,  6)  with  the  mineral  water.  Generally 
it  is  unnecessary  to  filter  it. 

16.  Pay  attention  to  every  particular  connected  with  the  spring,  and  to 
every  circumstance  which  may  have  a bearing  upon  the  investigation  : as, 
for  instance,  the  quantity  of  water  which  the  spriug  yields, — whether  the 
level  remains  the  same  or  not, — whether  a muddy  deposit,  or  solid  sinter 
forms  in  the  outlet  pipes  or  in  the  reservoir  (in  which  case  a tolerably 
large  quantity  of  the  deposit  must  be  taken), — to  what  geological  for- 
mation  the  mountain  belongs  from  which  the  water  springs, — the  depth 
from  which  the  spring  rises, — the  nature  of  the  basin, — the  predominant 
action  and  effects  of  the  water,  &c. 


B.  Operations  in  the  laboratory. 

I.  Qualitative  analysis. 

This  is  effected  in  the  manner  described  in  my  Qualitative  Analysis.* 

II.  Quantitative  analysis. 

§ 177. 

The  course  to  be  pursued  in  the  quantitative  analysis  of  mineral  waters, 
varies  according  to  the  presence  or  absence  of  alkaline  carbonates.  As  the 
analytical  course  is  more  simple  in  the  case  of  alkaline  than  in  that  of 
non-alkaline  waters,  we  will  begin  here  with  the  latter,  which,  in  fact, 
almost  entirely  includes  the  processes,  &c.,  required  in  the  analysis  of 
alkaline  waters,  and  we  will  afterwards  point  out  the  modifications  required 
respectively,  in  the  analysis  of  alkaline  and  of  sulplauretted  waters. 
We  proceed  upon  the  assumption  that  all  the  matters  are  present  which 
are  usually  found  associated  in  saline  springs. 

As  the  evaporation  of  large  quantities  of  water,  which  is  necessary  to 
eflPect  the  determination  of  the  substances  present  in  very  minute  propor- 
tions,  consumes  much  time,  it  is  advisable  to  carry  the  evaporation  on 
concurrently  with  the  other  analytical  processes,  and  accordingly  to  begin 
with  it  first.  From  10000  to  20000  grammes  of  the  water  are  gradually 
evaporated  in  a platinum  or  porcelain  dish,f  with  addition  of  a sufficient 

* Mineral  waters  which  have  been  kept  a long  time  in  stone  jars,  often  smell  of  sul- 
phuretted  hydrogen,  thongh  in  the  fresh  state  they  were  entirely  free  from  that  odor. 
This  is  owing  to  the  circumstance  that  the  contact  with  the  moist  cork  rcduces  a portion  of 
the  sulphates  to  sulphides,  from  which  the  free  carbonic  acid  afterwards  evolves  sulphuretted 
hydrogen. 

+ If  you  use  a porcelain  dish  you  must  renounce  the  detection  and  determination  of 
alumina. 
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quantity  of  absolutely  pure  carbonate  of  soda,*  to  impart  a feebly  alkaline 
reactionf  to  the  fluid.  The  best  way  is  to  conduct  the  evaporation  in  a 
separate  room,  to  which  no  one  but  the  analyst  has  access,  over  gas  or 
spirit-lamps,  or  on  the  sand-bath  ; that  the  greatest  cleanliness  is  necessary 
in  the  Operation  need  hardly  be  mentioned-;  it  is  not  advisable  therefore  to 
allow  this  Operation  to  be  performed  by  another  person.  When  the  fluid  is 
somewhat  concentrated  the  evaporation  is  continued  on  the  water-bath  or 
on  a very  moderately  heated  sand-bath,  until  the  residue  is  perfectly  dry. 

The  actual  analysis  of  the  water  is  preceded  by  the 

DETERMINATION  OF  THE  SPECIFIC  GRAVITY. 

Equalise  the  temperatures  of  a bottle  of  the  mineral  water  and  a bottle 
of  distilled  water,  and  note  the  height  of  the  thermometer.  Fill  an  accurately 
tared  small  bottle  of  at  least  100  grammes  capacity,  provided  with  a close- 
fitting  glass  stopper,^  with  the  distilled  water,  and  weigh  ; empty  the 
bottle,  refill  it  with  the  mineral  water,  and  weigh  again.  The  quotient 
obtained  by  dividing  the  weight  of  the  mineral  water  by  that  of  the  dis- 
tilled water,  gives  the  specific  gravity  of  the  former.  Take  care  that  there 
are  no  gas  bubbles  in  the  bottles  filled  with  water. 


The  respective  quantities  required  for  the  estimation  of  the  several  con- 
stituents  may  be  determined  either  by  weight  or  by  measure.  I prefer 
the  former.  If  they  are  estimated  by  measure,  the  small  bottle  or  flask 
may  be  used  which  has  served  in  the  determination  of  the  specific  gravity, 
or  any  other  measuring  vessel  may  be  employed. 

1.  Estimation  of  the  total  amount  of  the  fixed  ingre- 

Weigh  from  200  to  300  grammes  of  the  mineral 
water  in  a small  flask,  and  evaporate  it  cautiously 
and  gradually  in  a weiglied  platinum  dish  at  a tem- 
perature  below  the  boiling  point.  If  the  water  con- 
tains  much  gas  cover  the  dish  at  first,  and  after  each 
addition  of  a fresh  portion  of  water,  with  a large 

* Free  more  especially  from  phosphoric  acid,  alumina,  and 
manganese. 

f The  addition  of  carbonate  of  soda  is  intended  to  prevent 
volatilisation  of  hydrobromic  or  hydriodic  acid  from  bromide  or 
iodide  of  magnesium.  If  a mineral  water  contains  no  sulphuric 
acid  a very  small  quantity  of  sulphate  of  soda  is  also  added. 

J A flask  with  a long  perforated  ground  Stopper,  as  illustrated 
in  Fig.  92,  answers  best  for  the  determination  of  the  specific 
gravity. 
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watch  glass.  The  evaporation  may  be  conducted  over  the  lamp. 
Terminate  it  on  the  water-bath,  and  dry  the  residue  in  the  air-  or  oil- 
bath,  at  a temperature  of  from  356°  to  392°,  until  repeated  weighings 
give  the  same  constant  result ; note  the  weight.*  Fill  the  dish  again  one- 
half  with  distilled  water,  and  add'  from  time  to  time  a drop  of  dilute  sul- 
phuric  acid,  untii  you  are  quite  sure  that  the  quantity  of  the  acid  added  is 
sufficient  to  convert  all  the  salts  into  sulphates  ; keep  the  dish  covered 
all  the  time  with  a glass  dish  ; evaporate  now  to  dryness,  ignite  the  residue 
(§  76,  1),  and  weigh.  The  weight  found  affords  a very  good  control  of 
the  analysis  (see  below) . The  silicic  acid  in  the  residue  may  be  deter- 
mined  by  treating  the  mass  first  with  water,  then  with  concentrated  hy- 
drochloric  acid  (to  dissolve  the  sulphate  of  lime),  until  all  the  soluble 
parts  are  removed. 

2.  Determination  of  the  sulphuric  acid. 

If  Chloride  of  barium  produces  at  once  a marked  turbidity  in  the  water 
acidified  with  hydrochloric  acid,  take  about  600  grammes  of  the  water, 
mix  with  hydrochloric  acid,  add  Chloride  of  barium,  allow  the  mixture  to 
deposit  twenty-four  hours,  and  determine  the  sulphate  of  baryta  as  directed 
§ 105.  If  the  turbidity  produced  by  the  chloride  of  barium  is  only  slight, 
evaporate  from  1000  to  2000  grammes  of  the  water,  with  addition  of 
hydrochloric  acid,  to  one-half,  a quarter,  &c.,  and  treat  the  residuary  fluid 
as  just  now  directed. 

3.  Joint  estimation  of  the  chlorine,  iodine,  and  bromine. 

Acidify  from  50  to  100  grammes  of  the  water  with  nitric  acid,  precipitate 

with  nitrate  of  silver,  and  determine  the  precipitate  as  directed  § 1 12, 1.  a. 

4.  Estimation  of  the  total  amount  of  the  lime,  Magnesia, 
iron,  manganese  (if  present  in  a somewhat  large  proportion),  silicic 

ACID,  AND  THE  ALK ALIES. 

Weigh  one  of  the  bottles  filled  at  the  source  with  perfectly  clear,  if 
necessary,  filtered  water  (§  176,  6),  with  its  contents  ; pour  some  of  the 
water  cautiously,  and  without  Spilling  a drop,  into  a beaker,  and  add  to 
the  water,  both  in  the  bottle  and  beaker,  hydrochloric  acid  until  the  latter 
slightly  predominates.  Cover  the  bottle  with  a watch-glass,  the  beaker 
with  a glass  plate,  and  apply  a very  gentle  heat,  until  the  carbonic  acid 
has  escaped.  Evaporate  the  contents  of  both  vessels  in  a platinum  or 
porcelain  dish,  to  dryness,  and  separate  the  silicic  acid  as  directed  § 111, 

* The  quantity  of  the  chloride  of  magnesium  suffers  in  this  Operation  a slight  diminution 
of  weight,  as  a small  portion  of  it  decomposes  with  the  water  into  hydrochloric  acid,  which 
escapes,  and  magnesia,  which  remains  behind.  However,  the  error  arising  from  this  is  but 
trifling,  and  may  mostly  be  disregarded,  since,  for  the  reasons  given  in  § 1 73,  I.  5,  the  total 
amount  of  the  fixed  ingredients  estimated  jointly,  can  never  be  expected  to  correspond  exactly 
to  the  sum  total  of  the  several  constituents  separately  determined.  Still  this  defect  may 
be  corrected,  by  evaporating  the  water  with  a weighed  quantity  of  ignited  carbonatc  of  soda 
(Mohr). 
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II.  a.  Mix  the  hydrochloric  acid  solution  with  chloride  of  ammonium, 
add  ammonia  free  from  carbonic  acid  until  it  predominates,  then  some 
sulpliide  of  ammonium,  close  the  vessel,  and  let  the  mixture  stand  twelve 
hours  at  a gentle  heat ; filter  quickly,  and  wash  tbe  precipitate  witli  water 
to  which  some  sulpliide  of  ammonium  lias  been  added. 

a.  The  -precipitate  may  be  assumed  to  contain  iron,  manganese,  alu- 
mina,  pliosphoric  acid.  In  most  cases  we  determine  in  it  simply  the  ses- 
quioxide  of  iron,  sometimes  also  the  protoxide  of  manganese  ; whilst  we 
determine  tlie  traces  of  tbe  other  substances  in  tbe  residue  left  upon  the 
evaporation  of  the  large  bulk  of  10000  or  20000  grammes  of  the  water. 

Dissolve  the  precipitate  by  heating  with  hydrochloric  acid  ; boil  with 
some  nitric  acid,  and  filter ; nearly  saturate  with  carbonate  of  soda,  then 
add  carbonate  of  bartya  (§  1 28,  A.  1),  and  filter.  Dissolve  the  precipitate  in 
hydrochloric  acid,  precipitate  the  baryta  by  sulphuric  acid,  and  separate 
the  iron  and  alumina  as  directed  § 128,  B.  1,3,  or  10.  When  you  have 
weighed  the  sesquioxide  of  iron  you  must  still  ascertain  whether  it  is  free 
from  silicic  acid,  that  is,  whether  upon  solution  in  hydrochloric  acid  it  does 
not  leave  more  silicic  acid  behind  than  corresponds  to  the  filter  ash. 

From  the  fluid  filtered  from  the  precipitate  produced  by  carbonate  of 
baryta  throw  down  the  baryta  by  sulphuric  acid,  and  then  the  manganese 
by  ammonia  and  sulphide  of  ammonium  (§  86).  Test  the  filtrate  for 
lime  and  after  this  for  magnesia.  If  you  find  traces  of  these  substances 
collect  them  in  small  filters,  and  ignite  the  latter  jointly  with  the  filters  con- 
taining  the  principal  bulk  of  the  same  substances  (see  b.).  Instead  of  pre- 
cipitating  the  manganese  with  sulphide  of  ammonium,  you  may  also  add 
a little  cliloride  of  zinc  to  the  fluid,  precipitate  with  carbonate  of  soda,  and 
determine  the  manganese  in  the  ignited  residue  as  directed  § 128,  B.  10, 
d.  If  you  now  precipitate  the  solution  remaining  in  the  flask  with  ammonia 
and  sulphide  of  ammonium,  you  can  still  determine  in  the  filtrate  the 
traces  of  lime  and  magnesia  which  may  be  present. 

Instead  of  employing  this  process,  you  may  also  at  once  determine  the 
iron  and  manganese  by  the  volum etrical  method  (§  128,  10). 

b.  From  the  filtrate  precipitate  the  lime  with  oxalate  of  ammonia, 
added  only  slightly  in  excess  ; filter,  dry,  and  weigh  the  precipitate.* 
Evaporate  the  filtrate  to  dryness,  with  addition  of  some  hydrochloric  acid 
in  the  latter  stage  of  the  process  ; expel  the  ammonia  salt  by  gentle  igni- 
tion ; and  separate  the  magnesia  from  the  alkalies  as  directed  in  § 121, 
A.  1.  Evaporate  the  fluid  which  contains  the  Chlorides  of  the  alkali 
metals  to  dryness,  adding  in  the  last  stage  of  the  process,  a fresh  but  very 
small  quantity  of  oxide  of  mercury  ; ignite  the  covered  dish  gently,  until 

* The  weighed  precipitate  must  be  carefully  examined  to  make  sure  that  it  contains  no 
magnesia,  as  admixtures  of  that  substance  are  more  frequently  found  in  it  than  is  generally 
bclieved. 
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you  are  sure  that  all  the  oxide  of  mercury  is  expelled  ; weigh.  Treat  the 
residuary  mass  with  water,  and  if  a trace  of  magnesia  is  still  left  undis. 
solved,  filter,  and  weigh  it ; deduct  the  weiglit  found  from  that  ot  the 
weighed  contents  of  the  dish,  and  add  it  to  the  principal  bulk  of  the  mag- 
nesia. Before  entering  the  weight  of  the  magnesia,  ascertain  whether 
it  dissolves  completely  (except  the  filter  ash)  in  hydrochloric  acid ; and 
whether  ammouia  produces  a precipitate  in  the  sufficiently  acid  solution 
(which  precipitate  would  show  the  presence  of  alumina  from  the  porcelain 
dish).  Should  an  insoluble  residue  be  left,  or  should  ammonia  produce  a 
precipitate  in  the  strongly  acid  solution,  tliese  impurities  must  be  deter- 
mined  and  deducted  from  the  magnesia. 

If  the  quantity  of  the  sulpliuric  acid  was  small,  the  solution  of  the 
alkaline  Chlorides  is  free  from  that  acid,  since  the  trifling  amount  of  sul- 
phate  has  been  decomposed  by  the  ignition  with  chloride  of  ammonium. 
But  as  this  can  never  be  positively  known,  and  as  repeated  evaporation 
with  chloride  of  ammonium  is  somewhat  tedious,  the  following  proceeding 
may  be  adopted  : transfer  a few  drops  of  the  solution,  by  means  of  a glass 
rod,  to  a test  tube,  and  add  a few  drops  of  alcoholic  solution  of  Strontium 
and  a little  spirits  of  wine.  If  no  precipitate  forms,  this  is  -a  proof  that 
the  fluid  contains  no  sulphuric  acid,  in  which  case  add  the  contents  of  the 
test  tube  again  to  the  solution,  and  determine  the  potassa  in  the  latter  as 
directed  § 120,  1,  a.  But  if  a precipitate  forms,  treat  the  whole  solution 
cautiously  in  the  same  way  as  the  sample  in  the  test  tube,  let  the  mixture 
stand  some  time,  and  then  filter  the  fluid  from  the  precipitated  sulpliate 
of  strontia,  which  determine  as  directed  § 80.  Estimate  the  potassa  in 
the  filtrate  as  directed  § 120,  1,  a.  It  is  necessary  to  weigh  the  sul- 
phate  of  strontia,  that  the  quantity  of  the  soda  may  be  accurately  cal- 
culated.  The  quantity  of  the  soda  is  ascertained,  by  subtracting  from 
the  weighed  residue  in  the  dish,  1,  the  trace  of  magnesia  (if  any  re- 
mains)  ; 2,  the  chloride  of  potassium  ; and,  3,  the  weight  of  sulphate 
of  soda  corresponding  to  the  sulphuric  acid  found.  The  remainder  is 
chloride  of  sodium.  The  soda  is  then  calculated  from  the  two  latter 
salts. 

The  method  described  in  4,  has  not  hitherto  been  usually  employed ; 
but  I am  convinced  that,  in  skilful  hands,  it  gives  very  good  results.  The 
common  way,  however,  is  to  determine  in  the  fluid  filtered  from  the 
lime,  only  the  magnesia,  by  precipitating  the  filtrate  at  once  with  phos- 
phate  of  soda.  The  determination  of  the  alkalies  is  then  effected  in  a 
fresh  portion  of  the  water,  this  is  concentrated  by  boiling  ; the  sulphuric 
acid  is  thrown  down  from  it,  without  previous  filtration,  by  chloride  of 
barium,  and  then  the  magnesia  by  baryta  water.  The  fluid  is  now 
filtered,  and  the  excess  of  baryta,  together  with  the  lime,  thrown  down 
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from  the  filtrate,  by  carbonate  of  ammonia ; the  precipitate  is  filtered,  and 
the  filtrate  evaporated  to  dryness ; the  residue  is  ignited,  redissolved  in 
water,  and  tbe  solution  again,  and  even  a third  time,  precipitated  with 
ammonia  and  carbonate  of  ammonia ; and  even  then  the  Chlorides  of  the 
alkali  metals  often  retain  a trace  of  magnesia.  Putting  these  several 
operations  together,  the  process  which  I have  recommended  here  will 
certainly  appear  the  more  expeditious  of  the  two. 

5.  EstIMATION  OF  THE  LIME,  MAGNESIA,  IRON  (AND  MANGANESE), 
IN  THE  PRECIPITATE  FORMED  UPON  THE  EBULLITION  OF  THE  WATER; 
AND  OF  THE  LIME  AND  MAGNESIA  IN  THE  BOILED  WATER. 

Boil  from  600  to  800  grammes  of  the  water  in  a glass  flask  for  about  an 
hour,  replacing  from  time  to  time  what  has  evaporated  by  distilled  water. 
(If  this  precaution  were  neglected,  sulphate  of  lime  might  separate  in 
conjunction  with  the  carbonates  of  the  alkaline  earths.) 

Filter  the  precipitate  and  wash  it. 

Separate  and  determine  the  lime  and  magnesia  in  the  filtrate  as  directed 

§ 122. 

Dissolve  the  precipitate  in  dilute  hydrochloric  acid,  heat  with  some 
nitric  acid,  a,nd  determine  the  iron,  lime,  and  magnesia  in  the  solution  as 
in  4. 

6.  Estimation  of  the  total  amount  of  carbonic  acid  pre- 
sent. 

The  bottles  prepared  at  the  spring  as  stated  § 176,  8,  are  employed  for 
the  purpose.  The  determination  is  elfected  in  two  or  three  bottles,  exactly 
as  directed  § 110,  I.  b.  The  results  must  pretty  nearly  agree  ; the  mean 
of  them  is  taken.  If  the  water  which  has  given  the  baryta  precipitates 
has  been  measured,  the  number  of  cubic  centimeters  must  be  multiplied 
by  the  specific  gravity  found,  to  ascertain  the  number  of  grammes  of  water 
to  which  the  carbonic  acid  found  corresponds. 

7.  Estimation  of  the  baryta,  strontia,  protoxide  of  manga- 

NESE,  ALUMINA,  AND  PHOSPHORIC  ACID;  AND  ALSO  OF  THE  IODINE 
AND  BROMINE. 

The  residue  left  upon  evaporating  from  10000  to  20000  grammes 
of  the  water  (see  the  beginning  of  this  paragraph)  is  used  to  effect 
the  determination  of  these  substances,  which  are  present  only  in  small 
proportions. 

Triturate  and  digest  the  perfectly  dry  sahne  mass  repeatedly  with 
spirits  of  wine  of  90  per  cent,  until  you  are  quite  sure  that  the  iodides 
and  bromides  of  the  alkali  metals  which  may  be  present  are  completely 
dissolved. 

a.  Evaporate  the  alcoholic filtrate  cautiously,  to  dryness,  and  determine 
the  iodine  in  the  residue  by  means  of  chloride  of  palladium,  the  bromine 
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in  the  filtrate  as  directed  § 137.  As  this  fluid  might  contain  traces  of 
lithia,  remove  the  metals  by  sulphuretted  hydrogen,  and  keep  the  fluid  lor 
the  determiuation  of  the  lithia  (see  below,  b.  bb.  ß.). 

b.  Treat  the  residue  with  water,  add  hydrochloric  acid  cautiously  until 
the  solution  is  acid,  and  evaporate  to  dryness.  Dissolve  the  saline  mass 
in  water,  with  addition  of  very  little  hydrochloric  acid,  and  Alter  from 
the  undissolved  residue,  which,  besides  silicic  acid,  contains  all  the  baryta 
and  strontia  present,  in  the  form  of  sulphates,  and  besides  these  also 
sulphate  of  lime. 

aa.  Dry  this  residue  and  add  the  Alter  ash  to  it ; boil  the  mass  with 
carbonate  of  soda  and  solution  of  soda,  to  dissolve  the  principal  portion 
of  the  silicic  acid.  Fuse  the  undissolved  part  with  some  carbonate  of 
soda  and  potassa,  and  treat  the  fused  mass  with  boiling  water,  until  no 
trace  of  sulphuric  acid  can  be  detected  in  the  washings.  Dissolve  the 
residue  (which  must  contain  baryta  and  strontia  in  the  form  of  carbonates) 
in  a very  small  proportion  of  dilute  hydrochloric  acid,  and  separate  the 
baryta,  strontia,  and  lime,  as  directed  § 122,  B.  I. 

bb.  Oxidise  the  fluid  flltered  from  the  silicious  residue  with  nitric  acid, 
nearly  neutralise  it  with  absolutely  pure  carbonate  of  soda  or  potassa 
(quite  free  from  phosphoric  acid),  and  then  precipitate  with  perfectly  pure 
carbonate  of  baryta  (free  from  lime,  strontia,  and  phosphoric  acid).  Let 
the  mixture  stand  in  a stoppered  flask  for  twelve  hours  in  the  cold,  then 
Alter  and  well  wash  the  precipitate. 

a.  Heat  the  precipitate, — which,  besides  the  excess  of  carbonate  of 
baryta  and  sulphate  of  baryta,  contains  all  the  sesquioxide  of  iron,  and 
also  alumina*  and  phosphoric  acid,  and  may  contain,  besides,  traces  of 
fluoride  of  calcium — with  hydrochloric  acid,  and  throw  down  the  baryta 
from  the  solution  by  sulphuric  acid  added  very  slightly  in  excess.  Eva- 
porate in  the.  water-bath  to  remove  the  excess  of  hydrochloric  acid  as 
far  as  practicable  ; dissolve  the  residue  in  water,  transfer  the  solution  to  a 
small  flask,  add  tartaric  acid,  then  ammonia,  and  allow  the  fluid  to  staud 
twelve  hours.  If  a trifling  precipitate  subsides,  Alter  aud  examine  it ; 
it  may  contain  fluorine  f and  phosphoric  acid  in  combination  with  lime. 
Mix  the  clear,  or  as  the  case  may  be,  flltered  fluid  with  sulphide  of  amrao- 
nium  and  let  the  mixture  stand  in  a stoppered  flask  until  the  fluid  exhibits 
a pure  yellow  color.  Filter  from  the  sulphide  of  iron  (§  90,  1,  b.),  and 
evaporate  the  flltrate  in  a platinum  dish,  adding  some  pure  carbonate  of 

* If  the  evaporation  of  the  10000  or  20000  grammes  of  the  water  has  been  conducted 
in  a porcelain  dish,  the  residue  left  upon  that  evaporation  (and  accordingly  also  the  fluid  of 
bb.  and  the  precipitate  thrown  down  from  it)  contains,  besides  the  alumina  originally  present 
in  the  water,  also  alumina  proceeding  from  the  porcelain  of  the  evaporating  dish. 

+ As  the  greater  portion  of  the  fluorine  has,  in  the  evaporation  with  hydrochloric  acid, 
volatilised  as  fluoride  of  Silicon,  the  fluorine  found  in  a.  gives,  of  course,  no  clue  to  the  pro- 
portion of  that  element  contained  in  the  water. 
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soda — that  there  may  be  an  excess  of  fixed  base  for  the  phosphoric  acid — 
and  some  pure  nitrate  of  potassa,  the  more  readily  to  destroy  the  tartaric 
acid.  Finally  heat  to  redness  until  the  residue  looks  perfectly  white. 
Add  water  and  hydrochloric  acid  until  all  is  dissolved,  and  then  ammo- 
nia  to  the  clear  fluid.  If  a precipitate  forms  Alter  and  weigh  it.  Mix 
the  filtrate  with  a little  sulphate  of  magnesia.  If  this  gives  a precipi- 
tate ot  iihosphate  of  magnesia  and  ammonia  (which  determine  as  directed 
§ 106,  I.  b.),  the  alumina  precipitate  may  be  entered  in  the  calculation 
as  phosphate  of  alumina  (Pb05,  A1203).  But  if  no  precipitate  forms, 
the  phosphoric  acid  in  the  alumina  precipitate  has  to  be  determined  as 
directed  § 106,  II.  f,  m.,  or  o.  I have  to  remark  here,  once  more,  that 
the  alumina  found  can  only  be  calculated  as  an  ingredient  of  the  analysed 
water,  if  the  processes  of  evaporation,  &c.,  have  been  conducted  in  plati- 
num  vessels. 

ß.  Mix  the  fluid  filtered  from  the  precipitate  produced  by  carbonate  of 
baryta,  in  a stoppered  bottle,  with  chloride  of  ammonium,  ammonia,  and 
sulphide  of  ammonium.  Let  the  mixture  stand  twelve  hours,  and  then 
Alter  the  precipitated  sulphide  of  manganese  ; dissolve  it  in  hydrochloric 
acid,  precipitate  once  more  with  ammonia  and  sulphide  of  ammonium,  and 
ultimately  determine  the  manganese  as  directed  § 86,  1 ; or  mix  the  hy- 
drochloric acid  solution  of  the  first  precipitate  of  sulphide  of  manganese 
with  some  chloride  of  barium,  precipitate  with  carbonate  of  soda,  and 
determine  the  manganese  by  the  volumetrical  method  (§  127,  4,  b.). 

In  the  fluid  filtered  from  the  sulphide  of  manganese  there  still  remains 
the  lithia  to  determine.  To  effect  the  determination  of  that  substance  mix 
the  filtrate  with  ammonia  and  carbonate  of  ammonia,  allow  it  to  deposit,  and 
filter  the  fluid  from  the  carbonate  of  lime  and  baryta.  Add  the  filtrate  to 
the  fluid  filtered  from  the  sulphide  of  palladium,  &c.  (§  177,  7,  «.), 
evaporate  to  dryness,  and  remove  the  chloride  of  ammonium  by  gentle 
ignition ; then  separate  the  magnesia  by  oxide  of  mercury  (§  82,  3,  b.). 
Treat  the  ignited  residue  with  a mixture  of  absolute  alcohol  and  anhydrous 
ether.  If  chloride  of  lithium  is  present  it  will  dissolve  in  this  mixture. 
Evaporate  the  solution,  dissolve  the  residue  in  water,  and  test  the 
concentrated  aqueous  solution  with  ammonia  and  carbonate  of  ammonia. 
If  the  slightest  turbidity  is  perceptible  you  must  go  through  the  same 
processes  again,  to  remove  the  still  remaining  traces  of  baryta,  lime,  or 
magnesia.  Evaporate  again  to  dryness,  ignite  gently,  treat  the  residue 
once  more  with  absolute  alcohol  and  ether,  and  filter,  if  an  undissolved 
Sediment  remains  ; evaporate  the  solution,  and  weigh  the  residue.  Re- 
dissolve  it  in  a very  little  absolute  alcohol,  and  ignite  the  solution : a 
carmine  flame  shows  chloride  of  lithium.  Upon  evaporating  the  solution 
with  phosphate  of  soda,  phosphate  of  soda  and  lithia,  difficultly  soluble  in 
water,  must  be  formed. 
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8.  Estimation  OF  THE  ammonia. 

To  effect  tbe  estimation  of  the  ammonia  in  mineral  waters  I can  recom- 
mend  the  following  metliod,  which  I have  employed  with  good  results  in 
my  analysis  of  the  Wiesbaden  Kochbrunnen  : 

Evaporate  about  2000  grammes  of  the  mineral  water,  with  addition  of  a 
small  measured  amount  of  hydrocbloric  acid,  in  a tubulated  retort,  until 
only  a small  quantity  of  the  fluid  is  left.  Add  to  tbis,  through  a funnel 
tube,  a measured  quantity  of  newly  prepared  solution  of  soda,  put  the 
neck  of  the  retort  a little  upwards,  and  keep  the  contents  boiling  until 
the  fluid  is  almost  entirely  evaporated.  Conduct  the  whole  of  the  vapors 
escaping  through  a Liebig's  cooling  apparatus,  aud  receive  the  distillate  in 
a flask  containing  a little  water  acidified  with  a small  measured  quantity  of 
hydrocbloric  acid.  Convert  the  chloride  of  ammonium  contained  in  this 
fluid  into  ammonio-bichloride  of  platinum  (bichloride  of  platinum  and 
chloride  of  ammonium),  by  evaporation  with  a measured  quantity  of  bi- 
chloride of  platinum  (§  78,  2).  Make  now  a counter-experiment  with 
the  same  quantities  of  hydrochloric  acid,  solutiou  of  soda,  and  bichloride 
of  platinum,  and  deduct  the  small  amount  of  ammonio-bichloride  of  pla- 
tinum obtained  in  this  from  that  obtained  in  the  first  experiment : the 
difference  expresses  the  quantity  proceeding  from  the  analysed  water. 

Instead  of  this  method  you  may  also  employ  the  more  simple  process 
which  Boussingault * has  lately  proposed,  and  which  is  conducted  as 
follows : 

Distil  in  a distilling  apparatus  about  10  litres  of  the  water,  until  about 
two-fifths  have  passed  over.  In  the  analysis  of  saline  springs,  you  must 
add  some  solution  of  soda  or  milk  of  lime  to  ensure  the  ammonia  passing 
over.  Transfer  the  distillate  to  a glass  flask  connected  with  a Liebig's 
cooling  apparatus,  and  distil  over  one-fifth.  Determine  the  ammonia  in 
this  distillate  by  adding  five  or  ten  c.  c.  of  very  dilute  sulphuric  acid, 
and  saturating  the  excess  of  the  latter  with  a solution  of  soda,  of  which 
five  c.  c.  neutralise  one  c.  c.  of  the  dilute  sulphuric  acid  used  (comp.  § 78, 
3).  Let  another  fifth  distil  over,  and  determine  the  ammonia  in  this 
(if  any  is  still  present)  in  the  same  way.  But  the  first  portion  usually 
contains  the  whole  of  the  ammonia. 

9.  ÜETECTION  AND  ESTIMATION  OF  THE  CRENIC  AND  APOCRENIC 
ACIDS. 

Boil  a rather  large  quantity  of  the  precipitate  formed  upon  the  evapora- 
tion of  the  water,  about  one  hour,  with  solution  of  potassa ; Alter,  acidify 
the  filtrate  with  acetic  acid,  add  ammonia,  and  after  twelve  hours  Alter  the 
precipitate  of  silicic  acid  and  alumina,  which  usually  forms.  Add  to  the 
filtrate  acetic  acid  to  acid  reaction,  then  neutral  acetate  of  copper.  If  a 
brownish  precipitate  forms,  this  consists  of  apocrenate  of  copper  (which, 
* Compt.  rend.,  36,  814.  Pharm.  Centralblatt,  1853,  369. 
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according  to  Midder,  contains  variable  quantities  of  ammonia)  ; an  ana- 
lysis  of  apocrenate  of  copper  dried  at  284°,  gave  42#8  per  cent  of 
oxide  of  copper.  Mix  the  fluid  filtered  from  the  precipitate  with  car- 
bonate  of  ammonia,  until  the  green  color  is  changed  to  blue ; tlien  apply 
heat.  If  a bluish-green  precipitate  forms,  this  is  crenate  of  copper, 
wliich,  dried  at  284°,  contains  74’ 12  per  cent  of  oxide  of  copper 
(Mulder)  * 

10.  DeTECTION  AND  ESTIMATION  OF  THE  ORGANIC  EXTRACTIVE 
MATTER. 

Almost  all  mineral  waters,  when  boiled  in  large  quantities,  filtered  and 
evaporated,  leave  a residue  which,  when  heated,  turns  brown  and  black : 
this  is  owing  to  the  presence  of  organic  extractive  matter.  To  determine 
the  amount  of  this  a weighed  portion  of  the  filtered  mother  liquor  is 
evaporated  to  dryness  with  carbonate  of  soda  ; the  residue  is  boiled  with 
water,  and  the  solution  filtered ; the  filtrate  is  evaporated  to  dryness, 
and  the  residue  dried  at  284°,  until  it  suffers  uo  further  diminution  of 
weight.  It  is  then  gently  ignited  until  the  black  color  which  it  acquires 
at  first  has  disappeared.  The  difference  between  the  weight  of  the  dried 
and  that  of  the  ignited  residue  indicates  the  amount  of  the  extractive 
matter.  The  residue  contains  sometimes  an  admixture  of  resinous  matter, 
in  which  case  it  is  treated  with  alcohol,  and  water  added  to  the  solution ; 
the  alcohol  is  then  evaporated,  whereupon  the  resinous  part,  being  insolu- 
ble  in  water,  separates. 

11.  I omit  giving  special  methods  for  the  quan- 
titative estimation  of  boracic  acid,  nitric  acid,  and 
fluorine,  in  mineral  waters,  as  it  is  generally  suffi- 
cient  simply  to  detect  the  presence  of  these  sub- 
stances. 

1 2.  To  examine  the  gases  collected  at  the  spring 
in  tubes,  and  brought  in  them  to  the  laboratory, 
take  a graduated  tube,  bent  at  the  open  end,  as 
shown  in  Fig.  93,  and  about  twenty  centimeters  long, 
and  having  an  inner  diameter  of  two  centimeters. 

Moisten  this  tube  inside  with  a drop  of  water,  and 
then  fill  it  with  mercury.  Immerse  the  tube  with 
the  gas  in  the  mercurial  trough,  break  off  the  point, 
and,  giving  the  tube  the  proper  inclination,  cause 
the  gas  to  ascend  into  the  graduated  tube.  Read 
off  the  volume  of  the  gas,  with  due  regard  to  the 
temperature  and  atmospheric  pressure  ; then  intro- 
duce  into  the  gas,  by  ineans  of  a platinum  wire  on 

* For  more  detailed  information  on  the  subject  of  crenic  acid  and  apocrenic  acid,  I refer 
to  Mulder  s paper  on  these  acids,  in  the  Journal  f.  prakt.  Chem.  XXXII.,  S.  321 — 344. 
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which  it  is  cast,  a ball  of  hydrate  of  potassa*  moistened  with  water. 
Take  care  not  to  allow  the  other  end  of  the  wire  to  project  above  the  sur- 
face  of  the  mercury,  otherwise  a diffusion  of  the  confined  gas  with  the 
outer  atmospheric  air  will  take  place  along  the  wire,  which  is  not 
moistened  by  the  mercury.  When  the  volurne  of  the  gas  shows  no  fur- 
ther  diminution,  remove  the  potassa-ball,  and  read  olf  the  volume  of  the 
gas.  The  gas  absorbed  is  carbonic  acid,  and  in  cases  where  sulphuretted 
hydrogen  is  present,  also  the  latter  gas,  which,  however,  has  already  been 
determined. 

The  gaseous  residue  consists  usually  only  of  oxygen  and  nitrogen,  in 
which  case  it  may  be  examined  as  directed  in  the  chapter  on  the  analysis 
of  atmospheric  air  (§  226,  &c.).  If  there  isreason  to  suspect  the  presence 
of  marsh  gas  (light  Carbide  of  hydrogen),  the  oxygen  is  removed  by  means 
of  a wetted  ball  of  phosphorus  introduced  into  the  gaseous  mixture,  and 
left  in  contact  with  it  as  long  as  white  fumes  of  phospliorous  acid  arc 
visible  round  the  ball.  The  phospliorous  acid  fumes,  the  tension  of  which 
cannot  well  be  taken  into  account,  are  ultimately  absorbed  by  a moistened 
potassa-ball,  and  the  gas  is  measured  in  the  dry  state.  The  composition 
of  the  gaseous  residue  is  now  ascertained  by  transferring  it,  wholly  or 
partially,  to  a eudiometer,  burning  the  marsh  gas,  should  any  of  this 
happen  to  be  present,  with  oxygen,  and  absorbing  the  carbonic  acid  formed. 
Compare  “ Handwörterbuch  der  Chemie  von  Liebig , Poggendorff,  und 
Wühler ,”  Art.  “Eudiometer”  (von  Kolbe),  in  which  Bimsen’ s methods 
for  the  analysis  of  gases  are  accurately  described,  and  from  which  the 
instructions  given  above  are  taken. 


MODIFICATIONS  REQ.UIRED  BY  THE  PRESENCE  OF  A FIXED  ALRA- 
UNE CARBONATE. 

§ 178. 

1 . A mineral  water  containing  an  alkaline  carbonate  cannot  contain  salts 
of  lime  and  of  magnesia  soluble  per  se ; all  the  lime  and  all  the  mag- 
nesia  found  are  to  be  regarded  as  carbonates  dissolved  by  free  carbonic 
acid,  though  the  whole  of  the  magnesia  does  not  precipitate  upon  the 
ebullition  of  the  water,  as  a small  quantity  of  double  carbonate  of  mag- 
nesia and  soda  is  invariably  formed  under  these  circumstances.  The 
separate  determination  of  the  lime  and  magnesia  in  the  precipitate  sub- 

* Balls  of  this  kind  are  made  by  pouring  fused  hydrate  of  potassa  into  a pistol  bullet- 
mould  of  about  six  millimeters  inner  diameter,  and  into  the  middle  of  which  a platinum  wire 
is  inserted.  After  cooling  they  are  found  attached  to  the  wire.  The  neck  which  has  formed 
on  the  wire  is  scraped  otf  with  a knife. 
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siding  upon  the  ebullition  of  the  water,  and  in  the  boiled  water,  is  there- 
fore  dispensed  witli.  However,  if  desirable,  these  substances  may  be 
determined  aecording  to  tlie  directions  of  § 177. 

2.  If  you  prefer  determining  the  alkalies  in  a separate  portion  of  water, 
you  may  best  effect  this  in  the  following  manner : boil  the  water  cau- 
tiously  down  to  half  the  original  bulk,  in  a platinum,  silver,  or  porcelain 
disb,  and  filter  ; well  wash  the  precipitate  with  boiling  water ; acidify 
the  filtrate  slightly  with  hydrochloric  acid,  concentrate  the  fluid  consi- 
derably,  add  a little  finely  divided  oxide  of  mercury,  and  evaporate  to 
dryness ; ignite  the  residue  gently  to  effect  the  Separation  of  the  small 
quantity  of  magnesia  left  in  the  boiled  water  in  form  of  carbonate  of 
magnesia  and  soda.  Treat  the  residue  with  water,  filter  the  solution  from 
the  small  quantity  of  magnesia  and  silicic  acid  which  has  separated, 
and  wash  ; add  to  the  filtrate  one  or  two  drops  of  carbonate  of  am- 
monia,  and  see  if  this  throws  down  an  additional  trace  of  lime.  If 
a precipitate  forms,  filter,  and  evaporate  the  filtrate,  or,  (if  no  precipi- 
tate forms,)  the  unfiltered  fluid  in  a platinum  dish  to  dryness,  ignite 
the  residue  cautiously  and  weigh.  The  residue  contains  soda  and  potassa, 
partly  combined  with  the  known  quantity  of  sulphuric  acid,  partly  in  the 
form  of  Chlorides.  Treat  with  an  alcoholic  solution  of  chloride  of  Stron- 
tium, and  determine  the  potassa  as  directed  § 120,  1,  a.  Deduct  from 
the  total  weight  found  of  the  alkaliue  salts,  the  weight  of  the  alkaline 
sulphates  as  calculated  from  the  sulphuric  acid,  and  the  weight  of  the 
alkaline  Chlorides  as  calculated  from  the  chlorine  of  which  the  amount  is 
also  known ; the  difference  is  chloride  of  sodium,  formed  from,  and 
equi valent  to,  the  carbonate  of  soda. 

3.  In  the  analysis  of  a water  so  highly  dilute  that  a preliminary  concen- 
tration  is  required,  before  the  estimation  of  the  chlorine  and  the  sulphuric 
acid  can  be  effected  ; I recommend  the  following  metliod  : 

1.  Estimation  of  the  chlorine,  protoxide  of  iron,  prot- 

OXIDE  OF  MANGANESE,  LIME,  AND  MAGNESIA. 

Transfer  the  water  of  several  weighed  bottles  (about  2000  grammes), 
to  a porcelain  dish  ; rinse  the  bottles,  and  add  the  rinsings  to  the  water  to 
be  evaporated  ; a sediment  of  sesquioxide  of  iron  may  liave  formed  in  the 
bottles  ; it  is  a matter  of  indifference  whether  the  rinsing  removes  this 
completely  or  not.  Evaporate  the  water  to  one-fifth  ; pass  the  concentrated 
fluid  through  a filter  thoroughly  washed  with  some  nitric  acid  and  water, 
and  well  wash  the  precipitate  with  boiling  water. 

a.  Acidify  the  filtrate  with  nitric  acid,  precipitate  with  nitrate  of  silver, 
filter,  and  determine  the  chloride  of  silver  in  the  usual  way.  Free 
the  filtrate  from  the  excess  of  silver  by  means  of  hydrochloric  acid, 
evaporate  the  filtrate,  and  throw  down,  with  oxalate  of  ammonia  and 
phosphate  of  soda,  the  small  quantity  of  magnesia  which  is  never  absent, 
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and  traces  of  lime  which  may  be  present.  (The  precipitates  are  ignited 
and  weighed  with  the  principal  quantities.) 

b.  Dissolve  the  precipitate,  together  with  the  residuary  Sediment  which 
may  still  remain  in  the  bottles,  in  hydrochloric  acid,  and  treat  the  solution 
by  one  of  the  methods  given  in  § 129. 

2.  EsTIMATION  OF  THE  SILICIC  ACID,  THE  STJLPHURIC  ACID,  AND 
THE  ALKALIES. 

Evaporate  the  contents  of  several  weighed  bottles  in  a porcelain  dish ; 
pour  a little  hydrochloric  acid  into  the  bottles,  to  dissolve  the  deposit  of 
sesquioxide  of  iron,  &c.,  which  may  have  formed  in  them,  and  add  the 
solution  to  the  contents  of  the  dish.  Continue  to  evaporate  the  now 
acid  fluid  for  some  time  longer,  then  transfer  it  to  a platinum  dish,  and 
evaporate  to  dryness  on  the  water-bath.  Moisten  the  residue  with 
hydrochloric  acid,  and  evaporate  again  to  dryness  ; moisten  once  more 
with  hydrochloric  acid,  add  water,  apply  heat,  and  Alter  off  the  silicic 
acid. 

Precipitate  the  filtrate  with  chloride  of  barium,  added  in  the  least  possible 
excess,  and  Alter  the  fluid  from  the  sulphate  of  baryta.  Evaporate  the  fil- 
trate nearly  to  dryness,  dissolve  the  residue  in  water,  and  cautiously  add 
pure  milk  of  lime  until  the  fluid  manifests  a strongly  alkaline  reaction.  Heat, 
and  filter ; precipitate  with  ammonia  and  carbonate  of  ammonia,  and  filter 
again  ; evaporate  the  filtrate  to  dryness  in  a platinum  dish,  and  gently  ignite 
the  residue  until  all  salts  of  ammonia  are  expelled.  Dissolve  the  residue  in  a 
little  water,  precipitate  again  with  ammonia  and  carbonate  of  ammonia,  filter, 
evaporate,  weigh  the  now  pure  Chlorides  of  the  alkali  metals,  and  separate 
potassa  and  soda  as  directed  § 120. 


The  quantity  of  the  alkaline  carbonate  is  determined  most  accurately  in 
the  indirect  way,  in  the  calculation  of  the  results — provided  always  the 
various  analytical  processes  have  been  carefully  conducted. — Of  the  direct 
methods  proposed,  I will  give  the  following : 

Boil  from  300  to  400  grammes  of  the  water  for  some  time,  filter,  and 
wash  the  precipitate  with  hot  water.  Mix  the  filtrate  intimately  with  the 
washings,  divide  the  mixture  into  two  equal  parts,  and  determine  in  one 
the  chlorine  in  the  usual  way,  after  previous  addition  of  nitric  acid.  Mix 
the  other  half  with  pure  hydrochloric  acid  until  the  fluid  distinctly  mani- 
fests an  acid  reaction  ; evaporate  to  dryness,  and  gently  ignite  the  residue, 
then  dissolve  in  water,  filter,  and  determine  the  chlorine  also  in  this  solu- 
tion. It  is  evident  that  you  will  obtain  in  this  second  Operation  more 
chlorine  than  in  the  first:  every  equivalent  of  chlorine  by  which  the  results 
of  the  second  Operation  exceeds  that  of  the  first,  corresponds  to  one 
equivalent  of  carbonic  acid  which  existed  in  combination  with  an  alkali. 
This  method  givcs  a little  too  much,  as  the  filtrate  always  contains  some 
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carbonate  of  soda  and  magnesia.  If  you  wish  to  correct  tliis  error,  vou 
must  determine  the  small  quantity  of  maguesia  which  existed  as  chloride  of 
magnesium  in  the  fluid  precipitated  with  solution  of  nitrate  of  silver,  and 
deduct  from  the  dilference  between  the  two  determinations  of  the  chlo- 
rine, an  amount  of  the  latter  substance  corresponding  to  the  magnesia. 
The  carbonate  of  soda  must  not  be  converted  into  chloride  of  sodium 
by  evaporating  the  solution  with  chloride  of  ammonium  ; since  the  excess 
of  the  chloride  of  ammonium  would  decompose  the  alkaline  sulphate 
present,  and  more  chlorine  would  accordingly  be  found  than  corresponds 
to  the  alkaline  carbonate. 

Note  on  the  analysis  of  sulphuretted  waters. 

§ 179. 

A mineral  water  smelling  of  sulphuretted  hydrogen,  without  manifesting 
an  alkaline  reaction,  can  only  contain  this  gas  in  a free  state.  But  if 
the  reaction  is  alkaline,  the  water  may  also,  besides  sulphuretted  hyd  rogen, 
contain  an  alkaline  sulphide,  or  a hydrosulpliate  of  a sulphide.  The  esti- 
mation  of  the  total  amount  of  sulphur  combined  with  hydrogen  or  with 
metals  has  been  effected  already  at  the  source  (§  176,  9),  wdiere  we  have 
been  shown  also  how  to  ascertain  the  quantity  of  sulphuretted  hydrogen 
which  escapes  upon  boiling.  Now,  I have  to  remark  here  that  in  the 
analysis  of  water  containing  free  carbonic  acid  or  bicarbonates,  it  cannot  be 
accurately  inferred  from  these  data  how  much  of  the  sulphuretted  hydro- 
gen exists  in  a free  state,  and  how  much  in  combination ; since,  as  is 
well  known,  free  carbonic  acid,  and  even  alkaline  bicarbonates,  readily 
decompose  sulphide  of  potassium  or  sulphide  of  sodium  upon  boiling,  and 
evolve  sulphuretted  hydrogen.  To  say,  as  is  often  stated,  that  mineral 
waters  containing  alkaline  carbonates  contain  no  free  sulphuretted  hydro- 
gen, but  a soluble  metallic  sulphide  is  going  too  far  ; as  waters  of  the  kiud 
often  smell  very  strongly  of  sulphuretted  hydrogen,  and  disengage  a quan- 
tity of  that  gas  when  shaken  in  a half-filled  bottle.  (Compare  my  exami- 
nation  of  the  mineral  springs  of  Krankenheil,  near  Tölz,  Journal  f.  prakt. 
Chem.  58,  156). 

2.  CALCULATION,  CONTROL,  AND  ARRANGEMENT  OF  THE  RESULTS 
OF  ANALYSES  OF  MINERAL  WATERS. 

§ 180. 

The  results  found  in  the  several  analytical  processes  described  in  1,  are 
obtained  by  direct  experiments.  They  are  altogether  independent  of  any 
theoretical  views  which  may  be  entertained  as  to  the  manner  in  which  the 
several  constituents  are  combined  or  associated  with  each  other. 

As  our  theoretical  views  on  the  subject  may  change  with  the  progress  of 
chemistry,  it  is  absolutely  indispensable,  in  reports  of  analyses  of  mineral 
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waters,  to  give  tlie  direct  results  obtained,  and  tbe  methods  by  which 
they  were  obtained.  An  analysis  so  recorded  is  of  Service  for  all  times. 
Witli  respect  to  tbe  principles  tbat  guide  cbemists  in  tbe  liypothetical  asso- 
ciation  of  the  acid  and  bases  found  in  tbe  water,  it  is  assumed  that  the  com- 
bination  of  tliese  bases  and  acids  to  form  salts  is  governed  by  tbeir  respec- 
tive  affinities,  i.e.  tbe  strongest  acid  is  assumed  to  be  combined  with  tbe 
strongest  base,  &c. ; due  attention  being  paid,  however,  to  tbe  greater  or 
less  degree  of  solubility  of  the  salts,  since  it  is  well  known  that  this  exer- 
cises  a considerable  influence  upon  tbe  manifestations  of  tbe  force  of 
affinity.  Thus,  for  instance,  when  lime,  potassa,  and  sulphuric  acid  are 
found  in  the  boiled  water,  the  sulphuric  acid  is  assumed  in  the  first  place 
to  exist  in  combination  with  the  lime,  &c.  It  cannot  be  denied,  however, 
that  this  way  of  proceeding  leaves  much  to  the  individual  views  and  discre- 
tion  of  the  analyst,  and  consequently,  that  different  modes  of  associating 
the  several  ingredients  found  may  lead  to  different  results  for  one  and  the 
same  analysis. 

A general  understanding  upon  this  point  would  be  very  advantageous,  be- 
cause  without  it  the  comparison  of  two  mineral  waters  is  beset  with  diffi- 
culties.  As  long  as  an  agreement  of  this  kind  is  wanting,  a comparison 
between  two  mineral  waters  can  only  be  made  as  regards  the  direct  and 
immediate  results  of  the  respective  analyses. 

One  point,  I think,  should  be  at  once  agreed  upon,  viz.,  to  put  all  the 
salts  down  in  the  calculation  as  anhydrous  salts. 

To  illustrate  the  principles  which  I conceive  ought  to  guide  chemists  in 
this  matter,  and  also  the  way  of  Controlling  the  results  obtained,  I select 
the  following  example. 

Analysis  of  the  boniface  well  at  Salzschlirf.* 

a.  The  percentage  results  of  the  analysis. 

Specific  weight=  1*01 1 164. 

1.  Total  amotjnt  of  the  fixed  constituents  : 1*3778  per  cent. 

2.  Joint  amoxjnt  of  chlorine,  iodine,  and  bromine:  2*807l 
per  cent  silver  precipitate. 

3.  Total  amoünt  of  lime,  Magnesia,  iron,  and  silicic  acid  : 

a.  Lime  0*10442  per  cent. 
h.  Silica  0*00114  per  cent. 

(The  gross  amount  of  magnesia  and  iron  was  not  determined.) 

* Compare  “ Chemical  Investigations  of  the  mineral  spring  at  Salzschlirf  in  the  bishopric 
of  Fulda  (Electorate  of  Hesse),  by  Fresenius  and  Will : Annalen  der  Chemie  und  Pharmacie, 
LII.  66.  To  facilitate  references  to  the  original  paper,  I have  copied  the  results  as  they 
stand,  and  have  refrained  from  altering  them  according  to  the  corrected  atomic  weights. 
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4.  a.  Lime,  Magnesia,  and  iron  in  the  precipitate  which 
SEPARATES  UPON  BOILING  : 

a.  Lime  0*03642  per  ceut. 

b.  Magnesia  0*00041  per  cent. 

c.  Sesquioxide  of  iron  0*00066  per  cent. 

ß.  Lime  and  Magnesia  in  the  boiled  and  filtered  water. 

a.  Lime  0*064724  per  cent. 

b.  Magnesium  0*028855  per  cent. 

5.  Alkalies  : 

o.  Potassa  0*00865  per  cent. 

b.  Soda  0*54783  per  cent. 

6.  Sulphuric  acid  : 0*10853  per  cent. 

7.  Total  amount  of  carbonic  acid:  0*104301  per  cent. 

8.  Bromine  and  iodine  : 

ß.  Bromine  : 0*000402  per  cent. 

b.  Iodine  : 0*000447  per  cent. 

The  remaining  constituents,  such  as  lithia,  phosphoric  acid,  protoxide  of 
manganese,  crenic  acid,  apocrenic  acid,  and  extractive  matter,  were  not 
determined  by  weight. 

b.  Calculation  of  the  results. 

a.  The  salts  precipitated  upon  boiling  are  assumed  to  be  present  as  car- 
bonates  held  in  solution  by  free  carbonic  acid. 

1 . 0*00066  sesquioxide  of  iron  correspond  to  0*00096  of  carbonate 
of  protoxide  of  iron,  wbicb  contain  0*00038  of  carbonic  acid. 

2.  0*03642  of  lime  correspond  to  0*06533  of  carbonate  of  lime, 
wbicb  contain  0*02891  of  carbonic  acid. 

3.  0*00041  of  magnesia  correspond  to  0*00085  of  carbonate  of 
Magnesia  (Mg  O,  C 02),  which  contain  0*00044  of  carbonic  acid. 

ß.  The  amount  of  carbonic  acid  present  in  the  free  state,  and.  in  combi- 
nation  with  carbonates  (in  the  form  of  bicarbonates)  may  now  be  readily 
calculated  by  subtracting  the  amount  of  the  acid  in  tlie  carbonates,  from 
the  total  weight  of  the  carbonic  acid  found  in  the  analysed  water,  viz., 
Total  amount  of  the  carbonic  acid  . . 0*194301 

Carbonic  acid  existing  in  combination 


"With  lime 

With  magnesia 

With  protoxide  of  iron 


0*02891 

0*00044 

0*00038 


0*029730 


Tbere  remain  carbonic  acid  in  the  free 
state  and  partially  combined 

y.  The  sulphuric  acid  is  assumed  to  exist  in  the  first  place ; in  combi- 
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nation  with  lime ; should  an  excess  remain,  this  is  assumed  to  exist  in 
combination  with  potassa,  and  should  there  still  remain  an  excess,  this  is 
supposed  to  exist  as  sulphate  of  soda. 

1.  The  boiled  water  contains  0‘064724  of  lime,  which  combine  with 
0*09261  of  sulphuric  acid,  giving  0*15733  of  sulphate  of  lime. 

2.  0*00865  of  potassa  combine  with  0*00737  of  sulphuric  acid,  giving 
0*01602  of  sulphate  of  potassa. 

3.  Total  amount  of  sulphuric  acid  present  . . 0*10853 

Of  which  there  are  combined 

With  lime  . . . 0*09261 

With  potassa  . . 0*00737 


Total  ....  0*09998 


There  remain  ....  0*00855 
of  sulphuric  acid,  which  combine  with  0*00666  of  soda,  giving  0*01521 

of  SULPHATE  OF  SODA. 

8.  The  rest  of  the  soda  present  exists  as  chloride  of  sodium. 

Total  amount  of  soda  present  . . . 0*54583 

Combined  with  sulphuric  acid  . . . 0*00666 


There  remain  . . ...  0*53917 

of  soda,  which  correspond  to  0*40123  of  sodium,  which  latter,  combining 
with  0*61040  of  chlorine,  give  1*01163  of  chloride  of  sodium. 

c.  The  wliole  of  the  iodine  and  bromine  are  assumed  to  exist  in  combina- 
tion with  magnesium  ; and  the  rest  of  the  magnesium  as  chloride  of  mag- 
nesium. 

1.  0*000447  of  iodine  combine  with  0*000044  of  magnesium,  giving 
0*000491  of  IODIDE  OF  MAGNESIUM. 

2.  0*000402  of  bromine  combine  with  0*000065  magnesium,  giving 
0*000467  of  BROMIDE  OF  MAGNESIUM. 

Total  amount  of  magnesium  containedin  the  boiled  water  . 0*028855 

Of  which  there  are  combined 

With  iodine  ....  0*000044 

With  bromine  . . . 0*000065 


Total  ....  0*000109 

There  remain  . . . 0*028746 

of  magnesium  wdiich  are  combined  with  0*080220  of  chlorine,  giving 
0*108966  of  CHLORIDE  OF  MAGNESIUM, 
c.  Control. 

I.  The  joint  amount  of  the  lime  in  the  boiled  water  and  in  the  precipi- 
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täte  which  forms  upon  ebullition  must  be  equal,  or,  at  least,  nearly  equab 
to  the  total  amouut  of  tlie  lime. 

Total  amount  of  lime  ....  0-10442 

Combined  with  carbonic  acid  . . 0-03642 

Combined  with  sulphuric  acid  . . 0-06472 


Total 


0-10114 


II.  The  amount  of  chlorine  directly  determined  must  correspond  to 
the  joint  amount  of  the  chlorine  contaiued  in  the  Chlorides  of  sodium  and 
magnesium. 

The  joint  amount  of  the  Chloride,  bromide,  and  iodide 

of  silver  is  2-807100 

Subtract  from  this  the  amount  of  iodide 
of  silver  corresponding  to  0*000491 
of  iodide  of  magnesium,  viz.  . . 0-000828 

And  the  amount  of  bromide  of  silver 
corresponding  to  0-000467  of  bromide 
of  magnesium,  viz.  . . . 0*000958 

Total  ....  0-001786 


There  remains  . . . 2-805314 

which  correspond  to  chlorine  . . . 0-69202 

According  to  8.  . . 0-61040  of  chlorine  are 

combined  with  sodium. 

And  according  to  e.  . . 0-08022  of  chlorine  are 

combined  with  magnesium. 


Total  . 0-69062  . . 0-69062 


III.  The  total  amount  of  the  fixed  constituents  must  correspond  to  the 
joint  amount  of  the  several  ingredients  (the  iron  is  here  calculated  as  ses- 
quioxide,  since  it  is  contained  in  that  form  in  the  residue). 

Total  amount  of  the  fixed  constituents  = 1-37780 

The  respective  estimations  of  the  several  constituents 
gave : 


Carbonate  of  lime 

. 0-06533 

,,  magnesia 

. 0-00085 

Sulphate  of  lime 

. 0-15733 

„ potassa  . 

. 0-01602 

,,  soda 

. 0-01521 

Chloride  of  sodium  . 

. 1-01163 

„ magnesium 

. 0-10896 

Iodide  of  magnesium  * 

* 0-00049 
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Bromide  of  magnesium 
Sesquioxide  of  iron 
Silica 


0*00047 

0*00066 

0-00114 


Total  1-37809* 

d.  Arrangement  and  Classification  of  the  results. 

The  analyst  should  state,  in  the  first  place,  how  many  parts  of  the 
several  constituents  are  contained  in  100  (or  1000  or  10000)  parts  of  the 
water  ; and,  in  the  second  place,  how  many  grains  (1  lb.  = 7680  grs.) 
of  the  several  constituents  are  contained  in  one  pound  of  the  water. 

The  most.  appropriate  way  of  classifying  the  results,  is  to  enumerate 
them  under  the  following  lieads  : 

A.  Fixed  constituents. 

a.  Present  in  ponderable  quantity. 

b.  Present  in  imponderable  quantity. 

B.  VOLATILE  CONSTITUENTS. 

As  regards  the  carbonates  it  is  a question  whether  they  should  be  put 
down  as  neutral  salts,  the  excess  of  carbonic  acid  beiug  considered  partly 
as  forming  bicarbonates,  and  partly  as  free  acid,  or  whether  they  should 
be  calculated  at  once  as  bicarbonates,  the  excess  of  the  carbonic  acid 
being  deemed  as  existing  in  the  free  state.  Chemists  sometimes  adopt  the 
one  way,  sometimes  the  other,  but  the  former  more  frequently  than  the 
latter, 

Besides  stating  the  weight  of  the  carbonic  acid  (and  of  the  gases  in 
general),  it  is  customary  to  give  also  the  volumes,  calculated  both  in  cubic 
centimeters  and  in  cubic  inches  (1  lb.  of  water  = 32  cubic  inches,  Rhen, 
measure).  These  calculations  are  adjusted  to  the  temperature  of  the 
spring. 

For  similar  examples  to  guide  the  young  chemist  in  calculating  and 
controlling  the  results  of  analyses  of  mineral  waters,  I refer  to  the  fol- 
lowing : 

1.  Analysis  of  the  Kochbrunnen  at  Wiesbaden]*  (saline  water). 

2.  Analysis  of  the  hot  spring  at  Asmannshausen,  by  Fresenius  and 
Will,  Ann.  der  Chem.  und  Pharm.  47,  198  (alkaline  water). 

* This  control  gives  properly  corresponding  results  only  in  the  analysis  of  waters  contain- 
ing  but  small  quantities  of  magnesium  and  silicic  acid,  for  the  reasons  stated  § 173,  5.  In 
cases  where  these  constituents  are  present  in  larger  proportions,  it  is  advisable  to  make, 
instead  of,  or  besides  this  control,  a comparison  of  the  sulphates  (the  iron  being  estimated  as 
pure  sesquioxide)  with  the  residue  obtained  by  the  evaporation  of  the  water  with  sulphuric 
acid,  and  subsequent  ignition  (§  177,  1). 

+ Chemische  Untersuchungen  der  wichtigsten  Mineralwasser  des  Herzogthums  Nassau, 
von  Professor  Dr.  R.  Fresenius,  Wiesbaden,  bei  C.  W.  Kreidel,  1850 — 1852. 


458 


ACIDIMETRY. 


[§181. 


3.  Analysis  of  the  mineral  springs  at  Ems*  (alkaline  water). 

4.  Analysis  of  the  mineral  springs  at  Krankenheil,  near  Tölz,  by  Frese- 
nius, Jonrn.  f.  prakt.  Chemie,  58,  156  (alkaline  sulphuretted  water). 

Papers  1 and  3 contain  also  a detailed  description  of  the  methods  em- 
ployed  to  determine  the  muddy  ochreous,  and  the  solid  sinter  deposits 
of  these  springs. 


II.  ANALYSIS  OF  SUCH  TECHNICAL  PRODUCTS  AND  MINE- 
RALS WHICH  ARE  OF  FREQUENT  OCCURRENCE,  INCLUD- 
ING  PROCESSES  FOR  TESTING  THEIIl  QUALITY  AND  ES- 
TIMATING  THEIR  COMMERCIAL  VALUE. 

1.  Determination  of  the  amount  of  anhydrous  acid  in 

SOLUTION  (ACIDIMETRY). 

A.  Estimation  by  specific  grayity. 

§ 181. 

The  specific  gravity  of  an  acid  of  course  varies  with  the  degree  of 
dilution  of  that  acid.  Tables,  based  upon  the  results  of  exact  experi- 
ments,  have  been  drawn  up,  expressing  in  numhers  the  relations  hetween 
the  specific  gravity  of  the  several  aqueous  Solutions  of  an  acid,  and  the 
amount  of  anhydrous  acid  contained  in  tliem.  Therefore,  to  know  the 
amount  of  anhydrous  acid  contained  in  an  aqueous  solution  of  an  acid, 
it  suffices,  in  many  cases,  simply  to  determine  its  specific  gravity.  Of 
course  the  acids  must,  in  that  case,  be  perfectly  or  at  least  nearly  free 
from  admixtures  of  other  substances  dissolved  in  them.  Now,  as  most 
acids  are  volatile  (sulphuric  acid,  hydrochloric  acid,  nitric  acid,  acetic 
acid),  any  non-volatile  contamination  may  be  readily  detected  by  evapo- 
rating  a sample  of  the  acid  in  a small  platinum  or  porcelain  dish. 

The  determination  of  the  specific  gravity  is  effected  either  by  comparing 
the  weight  of  equal  volumes  of  water  and  acid  (§  1 77),  or  by  means  of  a 
good  hydrometer.  The  results  must,  of  course,  be  adjusted  to  the  tempe- 
rature  to  which  the  Tables  refer. 

The  following  Tables  give  the  relations  between  the  specific  gravity  and 
the  amount  of  anhydrous  acid,  for  sulphuric  acid,  hydrochloric  acid,  and 
nitric  acid. 

* Chemische  Untersuchungen  der  wichtigsten  Mineralwasser  des  Herzogthums  Nassau, 
von  Professor  Dr.  R.  Fresenius,  Wiesbaden,  bei  C.  W.  Kreidel,  1850—1852. 
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73 
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TABJffE  I. 


gravity  of  sulphuric  acid  at  different  degrees  of  dilution,  by 
Bineau ; calculated  for  15°  C.  (59°  F.),  by  Otto. 


Specific 

gravity. 

Anhydrous 

acid. 

Hydrated 

acid. 

Specific 

gravity. 

Anliydrous 

acid. 

1-8426 

81-63 

50 

1-398 

40-81 

1-842 

80-81 

49 

1-3886 

40-00 

1-8406 

80-00 

48 

1-379 

39-18 

1-840 

79-18 

47 

1-370 

38-36 

1-8384 

78-36 

46 

1-361 

37-55 

1-8376 

77-55 

45 

1-351 

36-73 

1-8356 

76-73 

44 

1-342 

35-82 

1-834 

75-91 

43 

1.333 

35-10 

1-831 

75-10 

42 

1-324 

34-28 

1-827 

74-28 

41 

1-315 

33-47 

1-822 

73-47 

40 

1-306 

32-65 

1-816 

72-65 

39 

1-2976 

31-83 

1-809 

71-83 

38 

1-289 

31-02 

1-802 

71-02 

37 

1-281 

30-20 

1-794 

70-10 

36 

1-272 

29-38 

1-786 

69-38 

35 

1-264 

28-57 

1-777 

68-57 

34 

1-256 

27-75 

1-767 

67-75 

33 

1-2476 

26-94 

1-756 

66-94 

32 

1-239 

26-12 

1-745 

66-12 

31 

1-231 

25-30 

1-734 

65-30 

30 

1-223 

25-49 

1-722 

64-48 

29 

1-215 

23-67 

1-710 

63-67 

28 

1-2066 

22-85 

1-698 

62-85 

27 

1-198 

22-03 

1-686 

62-04 

26 

1-190 

21-22 

1-675 

61-22 

25 

1-182 

20-40 

1-663 

60-40 

24 

1-174 

19-58 

1-651 

59-59 

23 

1-167 

18-77 

1-639 

58-77 

22 

1-159 

17-95 

1-637 

57-95 

21 

1-1516 

17-14 

1-615 

57-14 

20 

1-144 

16-32 

1-604 

56-32 

19 

1-136 

15-51 

1-592 

55-59 

18 

1-129 

14-69 

1.580 

54-69 

17 

1-121 

13-87 

1-578 

53-87 

16 

1-1136 

13-06 

1-557 

53-05 

15 

1-106 

12-24 

1-545 

52-24 

14 

1-098 

11-42 

1-534 

51-42 

13 

1-091 

10-61 

1-523 

50-61 

12 

1-083 

9-79 

1-512 

49-79 

11 

1-0756 

8-93 

1-501 

48-98 

10 

1-068 

8-16 

1-490 

48-16 

9 

1-061 

7-34 

1-480 

47-34 

8 

1-0536 

6-53 

1-469 

46-53 

7 

1-0464 

5-71 

1-4586 

45-71 

6 

1-039 

4-89 

1-448 

44-89 

5 

1-032 

4-08 

1-438 

44-07 

4 . 

1-0256 

3-26 

1-428 

43-26 

3 

1-019 

2-445 

1-418 

42-45 

2 

1-013 

1-63 

1-408 

41-63 

1 

1-0064 

0-816 
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TABLE  II.  * 

Specific  gravity  of  clilute  hydrochloric  acid  containing  different  proportions 
of  hydrochloric  acid  gas,  by  U re.  Temperature  15°  C.  (59°  F.) 


Specific 

gravity. 

Hydrochloric 
acid  gas. 

Specific 

gravity. 

Hydrochloric 
acid  gas. 

1-2000 

40-777 

1-1000 

20-388 

1-1982 

40-369 

1-0980 

19-980 

1-1964 

39-961 

1-0960 

19-572 

1-1946 

39-554 

1-0939 

19-165 

1-1928 

39-146 

1-0919 

18-757 

1-1910 

38-738 

1-0899 

18-349 

1-1893 

38-330 

1-0879 

17-941 

1-1875 

37-923 

1-0859 

17-534 

1-1857 

37-516 

1-0838 

17-126 

1-1846 

37-108 

1-0818 

16-718 

1-1822 

36-700 

1-0798 

16-310 

1-1802 

36-292 

1-0778 

15-902 

1-1782 

35-884 

1-0758 

15-494 

1-1762 

35-476 

1-0738 

15-087 

1-1741 

35-068 

1-0718 

14-679 

1-1721 

34-660 

1-0697 

14-271 

1-1701 

34-252 

1-0677 

13-863 

1-1681 

33-845 

1-0657 

13-456 

1-1661 

33-437 

1-0637 

13-049 

1-1641 

33-029 

1-0617 

12-641 

1-1620 

32-621 

1-0597 

12-233 

1-1599 

32-213 

1-0577 

11-825 

1-1578 

31-805 

1-0557 

11-418 

1-1557 

31-398 

1-0537 

11-010 

1-1537 

30-990 

1-0517 

10-602 

1-1515 

30-582 

1-0497 

10-194 

1-1494 

30-174 

1-0477 

9-786 

1-1473 

29-767 

1-0457 

9-379 

1-1452 

29-359 

1-0437 

8-971 

1-1431 

28-951 

1-0417 

8-563 

1-1410 

28-544 

1-0397 

8-155 

1-1389 

28-136 

1-0377 

7-747 

1-1369 

27-728 

1-0357 

7-340 

1-1349 

27-321 

1-0337 

6-932 

1-1328 

26-913 

1-0318 

6-524 

1-1308 

26-505 

1-0298 

6-116 

1-1287 

26-098 

1-0279 

5-709 

1-1267 

25-690 

1-0259 

5-301 

1-1247 

25-282 

1-0239 

4-893 

1-1226 

24-874 

1-0220 

4-486 

1-1206 

24-466 

1-0200 

4-078 

1-1185 

24-058 

1-0180 

3-670 

1-1164 

23-650 

1-0160 

3-262 

1-1143 

23-242 

1-0140 

2-854 

1-1123 

22-834 

1-0120 

2-447 

1-1102 

22-426 

1-0100 

2-039 

1-1082 

22-019 

1-0080 

1-631 

1-1061 

21-611 

1-0060 

1-124 

1-1041 

21-203 

1-0040 

0-816 

1-1020 

20-796 

1-0020 

0-408 
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Specific  gravity  of  dilute  uitric  acid  containing  different  proportions  of 
anhydrous  acid,  by  Tire.  Temperature  15°  C.  (59°  F.). 


Specific 

gravity. 

Percents  of 
acid. 

Specific 

gravity. 

Percents  of 
acid. 

Specific 

gravity. 

Percents  of 
acid. 

1-500 

79-7 

1-378 

52-6 

1-183 

25-5 

1-498 

78-9 

1-373 

51-8 

1-177 

24-7 

1-496 

78-1 

1-368 

51-1 

1-171 

23-9 

1-494 

77-3 

1-363 

50-2 

1-165 

23-1 

1-491 

76-5 

1-358 

49-4 

1-159 

22-3 

1-488 

75-7 

1-353 

48-6 

1-153 

21-5 

■ 1-485 

74-9 

1-348 

47-9 

1-146 

20-7 

1-482 

74-1 

1-343 

47-0 

1-140 

19-9 

1-479 

73-3 

1-338 

46-2 

1-134 

19-1 

1-476 

72-5 

1-332 

45-4 

1-129 

18-3 

1-473 

71-7 

1-327 

44-6 

1-123 

17-5 

1-470 

70-9 

1-322 

43-8 

1-117 

16-7 

1-467 

70-1 

1-316 

43-0 

1-111 

15-9 

1-464 

69-3 

1-311 

42-2 

1-105 

15-1 

1-460 

68-5 

1-306 

41-4 

1-099 

14-3 

1-457 

67-7 

1-300 

40-4 

1-093 

13-5 

1-453 

66-9 

1-295 

39-8 

1-088 

12-7 

1-450 

661 

1-289 

39-0 

1-082 

11-9 

1-446 

65-3 

1-283 

38-3 

1-076 

11-2 

1-442 

64-5 

1-276 

37-5 

1-071 

10-4 

1-439 

63-8 

1-270 

36-7 

1-065 

9-6 

1-435 

63-0 

1-264 

35-9 

1-059 

8-8 

1-431 

62-2 

1-258 

35-1 

1-054 

8-0 

1-427 

61-4 

1-252 

34-3 

1-048 

7-2 

1-423 

60-6 

1-246 

33-5 

1-043 

6-4 

1-419 

59-8 

1-240 

32-7 

1-037 

5"6 

1-415 

59-0 

1-234 

31-9 

1-032 

4-8 

1-411 

58-2 

1-228 

31-1 

1-027 

4-0 

1-406 

57-4 

1-221 

30-3 

1021 

3-2 

1-402 

56-6 

1-215 

29-5 

1-016 

2-4 

1-398 

55-8 

1-208 

28-7 

1-011 

1-6 

1-394 

55-0 

1-202 

27-9 

1-005 

0-8 

1-388 

54-2 

1-196 

27-1 

1-383 

53-4 

1-189 

26-3 

In  all  cases  in  which  the  determination  of  the  specific  gravity  fails  to 
attain  the  end  in  view,  or  which  demand  particular  accuracy,  one  of  the 
two  following  methods  is  employed,  but  more  commonly  the  first. 


B.  Determination  of  the  anhydrous  acid  by  Saturation  witii 

AN  ALKALINE  FLUID  OF  KNOWN  STRENGTH. 

§ 182. 

This  method  requires  : 

a.  A dilute  acid  of  known  strength. 
ß.  An  alkaline  fluid  also  of  known  strength. 
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aa.  Preparation  of  the  Solutions. 

a.  To  prepare  the  acid  mix  in  a large  flask  1020  cubic  centimeters  of  water 
intimately  with  60  grammes  of  concentrated  sulphuric  acid ; allow  the 
mixture  to  cool,  take  two  portions  of  it  of  20  c.  c.  each,  and  determine 
the  amount  of  sulphuric  acid  in  them  by  precipitation  with  chloride  of 
barium.  If  the  two  experiments  agree  pretty  closely,  take  the  mean  of 
the  results  as  the  amount  of  sulphuric  acid  contained  in  your  solution,  and 
dilute  the  latter  with  the  necessary  quantity  of  water  to  give  a fluid  con- 
taining  in  1000  c.  c.  exactly  40  grammes  of  anhydrous  sulphuric  acid. 
Suppose  you  have  found  that  1000  c.  c.  of  your  solution  contain  42 
grammes  of  sulphuric  acid,  then,  according  to  the  proportion, 

40  : 1000  : : 42  : x ; x — 1050 

you  will  have  to  add  to  1000  c.  c.  of  your  solution  50  c.  c.  of  water. 
Tliis  you  may  effect  most  simply  and  accurately  in  the  following  manner  : 
Fill  a measuring  flask  holding  one  litre,  up  to  the  litre  mark  with  the  dilute 
acid,  and  pour  the  latter  from  this  flask  cautiously  into  the  larger  flask, 
in  whicli  you  intend  to  keep  it ; measure  in  a pipette  50  c.  c.  of  water, 
transfer  them  to  the  measuring  flask  which  contained  the  acid,  sliake  the 
water  well  about  in  the  flask,  and  then  add  it  to  the  solution  in  the  larger 
bottle.  Shake  the  mixture  well,  pour  back  about  half  of  it  into  the  mea- 
suring flask,  shake  it  about  in  the  latter,  and  then  transfer  it  again  to  the 
large  bottle.  Shake,  and  keep  for  use.  As  the  fluid  only  half  Alls  the  larger 
bottle,  water  will  after  a time  evaporate,  which  will  condense  again  on 
the  sides  in  the  upper  part  of  the  flask ; it  is  necessary  therefore  to  shake 
the  bottle  each  time  before  using  its  contents,  otherwise  the  portion  poured 
out  first  will  contain  more  water,  and  accordingly  less  acid,  than  the  fluid 
remaining  in  the  bottle. 

An  acid  fluid  of  the  same  power  of  Saturation  may  be  prepared  also  by 
dissolving  63  grammes  of  crystallised  oxalic  acid  (C203,H0-f  2 aq.)  in  the 
necessary  quantity  of  water  to  give  exactly  one  litre  of  solution.  Care  must 
be  taken  to  employ  oxalic  acid  perfectly  pure,  absolutely  free  from 
moisture,  and  not  in  the  least  efflorcsced  {Mohr). 

ß.  To  prepare  the  alkaline  solution,  take  newly  prepared  solution  of  soda, 
perfectly  free  from  carbonic  acid,  and  which  has  been  allowed  to  settle 
completely  in  a closed  vessel,  and  dilute  it  with  the  requisite  quantity  of 
water  to  give  a fluid  of  which  1 volume  exactly  neutralises  1 volume  of 
your  fest  acid ; the  neutralisation  point  being  indicated  by  the  blue 
coloration  imparted  by  the  last  drop  of  solution  of  soda  added  to  the  acid 
solution  reddened  by  litmus. 

To  effect  this,  dilute  the  solution  of  soda  in  the  first  place  to  a specific 
gravity  of  about  1 *05  which  corresponds  to  about  3’6  per  cent  of  soda. 
Measure  off  50  c.  c.  = 1 00 1 of  your  tcst  acid,  transfer  to  a beaker,  impart 
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a red  colour  to  the  fluid  by  means  of  tincture  of  litmus),*  and  letyour  dilute 
solution  of  soda  flow  into  the  reddened  fluid,  either  from  a burette,  or — and 
this  is  the  more  convenient  way — from  a pipette  with  compression-cock 
(see  Fig.  94),  until  the  mixture  just  shows  a blue  tint,  and  conse- 

quently  leaves  both  red  and  blue  lit- 
mus  paper  unaltered.  Dilute  now  the 
still  somewhat  too  concentrated  solu- 
tion of  soda  with  the  requisite  quan- 
tity  of  water  to  give  a fluid  of  which 
exactly  100°  are  required  to  saturate 
100°  of  your  test  acid.  Close  the 
flask  in  which  the  dilute  solution 
of  soda  is  kept,  with  a cork  into 
which  is  fitted  a common  chloride  of 
calcium  tube,  filled  with  a finely  tri- 
turated  mixture  of  sulphate  of  soda 
and  caustic  lime,  and  bcaring  a thin 
open  tube  in  the  exit  aperture.  Besides 
this  solution  of  soda,  prepare  another 
5 times  more  dilute,  and  a third,  10 
times  more  dilute.  This  is  effected 
best — for  instance,  as  regards  the 
latter  fluid — by  measuring  in  a pipette 
50  c.  c.  of  the  more  concentrated  solution  of  soda  (of  which  100°  ncu- 
tralise  100°  of  the  test  acid),  transferring  the  fluid  to  a measuring  flask 
holding  exactly  500  c.  c.,  then  filling  the  flask  with  water  exactly  up  to 
the  mark,  and  mixing  intimately  by  shaking. 

bb.  Process  of  examination. 

As  50  c.  c =100°  of  the  more  concentrated  solution  of  soda  corrcspond 
to  2 grammes,  of  the  fifth  dilution  to  0’4  grm.  of  the  tenth  dilution,  to 
0'2  grm.  of  anhydrous  sulpliuric  acid,  and  accordingly  also  to  equivalent 
quantities  of  all  other  acids,  there  is  hardly  anything  to  add  regarding  the 
process  of  examination.  According  to  the  quantity  of  acid  to  be  neutra- 
lised,  the  one  or  the  other,  or  the  third,  of  the  alkaline  fluids  is  selected;; 
the  neutralisation  of  the  weighed  or  measured  acid  fluid  sliould  take  about 
from  60  to  100°  of  the  burette. 

In  scientific  investigations,  I recommend  the  analyist  accurately  to 
weigh  off  any  quantities  of  the  acid  fluid,  as  this  may  be  done  with 
comparative  ease  on  a Chemical  balance,  and  the  trifling  trouble  of  calcu- 


Fig.  94. 


* As  the  tincture  of  litmus  is  often  so  alkaline  that  a perceptible  amount  of  acid  is  required 
to  redden  it,  the  excess  of  alkali  must,  if  necessary,  be  neutralised  with  acid,  by  which 
means  a violet  fluid  is  obtained  upon  dilution  with  water  to  which  a tracc  of  acid  imparts  a 
red,  and  the  least  quantity  of  alkali  a blue  color. 
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lation  is  not  worth  notice.  But  in  technical  investigations  it  is  usually 
desirecl  to  see  the  percentage  strength  of  the  acid  indicated  directly 
by  the  degrees  of  the  burette.  To  effect  this,  the  analyst  has  simply 
to  weigh  the  quantity  of  the  acid  under  examination  corresponding  to 
2 grammes  of  anhydrous  sulphuric  acid,  taking  the  burette  or  pipette 
to  hold  as  usual  50  c.  c.=  100°.  But  as  the  weighing  of  smaller  definite 
quantities  is  not  quite  so  accurate  as  could  he  wished,  the  following 
raethod  is  preferred.  Weigh  off  in  a measuring  flask  Holding  500  c.  c., 
20  grammes  of  the  sulphuric  acid  (we  will  here  take  the  examination 
of  this  acid  by  way  of  example),  and  fill  the  flask  with  water  nearly  up 
to  the  mark  line ; let  the  mixture  cool,  and  then  fill  exactly  to  the  line  ; 
shake  the  fluid,  then  take  out  of  the  flask  50  c.  c.  with  the  pipette,  and 
treat  with  the  concentrated  solution  of  soda.  The  number  of  degrees 
of  the  burette  used  of  the  concentrated  solution  of  soda,  expresses  directly 
the  percentage  amount  of  anhydrous  acid  contained  in  the  examined 
fluid. 

The  following  tahle  gives  the  quantities  of  other  acids,  or  Hydrates  of 
acids,  equivalent  to  20  grms.  of  sulphuric  acid  : — 


20  grms. 

of  sulphuric  acid 

are  equivalent  to  24'5 

of  hydrate  of  sulphuric  acid 

Ditto 

ditto 

ditto 

27-° 

of  nitric  acid. 

Ditto 

ditto 

ditto 

31-5 

of  hydrate  of  nitric  acid. 

Ditto 

ditto 

ditto 

1 8*25  of  livdrochloric  acid. 

Ditto 

ditto 

ditto 

25-5 

of  acetic  acid. 

Ditto 

di  tto 

ditto 

30*0 

of  hydrate  of  acetic  acid. 

C.  EsTIMATION  BY  WEIGHING  THE  CARBONIC  ACID  EXPELLED  BY  THE 
free  acid  from  bicarbonate  of  soda  {Fresenius  and  Will). 

§ 183. 

Weigh  a portion  of  the  acid  under  examination  in  the  flask  A (Fig.  95), 

and  if  the  acid  is  concentrated,  add  water ; 
the  fluid  should  occupy  ahout  one-third  of 
the  flask.  Fill  a small  glass  tube  com- 
pactly  with  bicarbonate  of  soda  or  potassa,* 
tie  a thread  round  it,  and  suspend  it  by 
this  in  the  flask  A,  by  confining  the  thread 
between  the  cork  and  the  neck  of  the 
flask ; arrauge  the  apparatus  exactly  in 
the  manner  described  in  § 110,  and  equi- 
poise  it  on  the  balance.  Release  the  thread, 

* The  bicarbonate  used  may  contain  chloride  of  sodium,  sulphate  of  soda,  &c.  ; but  it 
must  be  quite  free  from  neutral  carbonate  ; the  quantity  must  be  more  thau  sufficient  to  satu- 
rate  the  acid  in  the  flask. 


Fig.  95. 


§ 183.] 
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by  raising  the  cork,  whereupon  the  small  tube  together  with  the  tliread, 
will  drop  into  the  flask  A ; insert  the  cork  again  air-tight  the  instant 
the  thread  is  released.  A lively  evolution  of  carbonic  acid  commences  at 
once,  which  continues  for  some  time  at  a uniform  rate,  then  diminishes, 
and  ultimately  ceases  altogetlier.  When  this  point  is  reached,  put 
the  flask  A in  a water-bath  of  about  from  120 — 130°.  When  the  re- 
newed  evolution  of  carbonic  acid  to  which  this  proceeding  has  given  rise, 
has  again  deceased,  open  the  wax  stopper  b,  on  the  tube  a a little, 
remove  the  flask  from  the  water-bath,  and  apply  suction  to  d,  by  means  of 
a perforated  cork,  until  all  the  carbonic  acid  still  lingering  in  the  appa- 
ratus  is  replaced  by  atmospheric  acid.  Let  the  apparatus  cool ; replace 
it  now  on  the  balance  and  put  additional  weiglits  on  the  other  scale  until 
the  equilibrium  is  restored.  The  weight  added  gives  the  quantity  of  car- 
bonic acid  expelled.  For  every  one  equivalent  of  acid  used,  two  equivalents 
of  carbonic  acid  are  obtained  ; e.  g.  (NaO,  2 C02  + N05  =NaO,  NOs  -f- 
2 C02).  The  results  are  very  satisfactory.*  In  this  method  also  all 
calculation  may  be  avoided,  by  weighing  off  the  exact  quantity  of  acid 
which,  if  it  were  pure  and  anhydrous,  would  be  required  to  give  1 gramme 
of  carbonic  acid  ; the  number  of  centigrammes  of  carbonic  acid  obtained, 
indicates  in  that  case  directly  the  percentage  amount  of  anhydrous  acid 
contained  in  the  examined  fluid.  The  quantity  required  is  found  for  sul- 
phuric  acid,  for  instance  by  the  following  proportion  : 

44  : 40  : : l’OO  : x;  x=  0-909. 

Instead  of  the  quantities  based  upon  the  production  of  1 gramme  of 
carbonic  acid,  multiples  of  them  may  of  course  be  employed,  according  as 
the  degree  of  dilution  of  the  acid  under  examination  may  require.  But 
in  that  case  the  number  of  centigrammes  of  carbonic  acid  obtained  must 
be  divided  by  the  number  corresponding  to  the  multiple ; the  quotient 
gives  the  percentage  amount  of  anhydrous  acid  contained  in  the  exa- 
mined fluid.  The  best  way  is  always  to  take  a sufficient  quantity  of  the 
acid  to  give  from  1 to  2 grammes  of  carbonic  acid. 


2.  EsTIMATION  OF  THE  AMOUNT  OF  FREE  ALKALI  AND  ALKALINE 
CARBONATE  CONTAINED  IN  A SUBSTANCE  (ALKALIMETRY). 

A.  EsTIMATION  OF  POTASSA,  SODA,  OR  AMMONIA,  FROM  THE  SPECI- 
FIC GRAVITY  OF  THEIR  SOLUTIONS. 

* Compare  New  Methods  of  Alkalimetry,  and  of  determining  the  commercial  value  of 
Acids  and  Manganese,  by  Dr.  R.  Fresenius  and  II.  Will.  Taylor  and  Wal  ton.  1843. 
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§ 184. 

In  the  case  of  pure  or  almost  pure  Solutions  of  liydrate  of  soda, 
or  liydrate  of  potassa,  or  of  ammonia,  the  amount  of  alkali  preseut  may  be 
estimated  from  the  specific  gravity  of  the  solution. 


TABLE  I. 

Amount  of  potassa  in  Solutions  of  different  specific  gravities  {Baiton). 


Specific 

gravity. 

Potassa 
per cent. 

Specific 

gravity. 

Potassa 
per  cent. 

1-68 

51*2 

1-32 

26-3 

1-60 

46-7 

1-28 

23-4 

1-52 

42-9 

1-23 

19*5 

1-4/ 

39-9 

1*19 

16  2 

1-44 

36-8 

1*15 

13-0 

1-42 

34*4 

Ml 

9-0 

1*39 

32-4 

1-06 

4-7 

1-36 

29-4 

1 

TABLE  II. 

Amount  of  soda  in  Solutions  of  different  specific  gravities  {Baiton). 


Specific  gravity. 

Soda  per  cent. 

Specific  gravity. 

Soda  per  cent. 

2-00 

77-8 

1-40 

29-0 

1*85 

63-6 

1-36 

26-0 

1-72 

53-8 

1-32 

23-0 

1-63 

46-6 

1-29 

19-0 

1-56 

41*2 

1-23 

16-0 

1-50 

36-8 

1-18 

13-0 

1-47 

34-0 

1-12 

9*0 

1-44 

31-0 

1-06 
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Amount  of  ammonia  (N  H3)  in  Solutions  of  ammonia  of  different  speci- 
fic gravities.  Temperature  16°  C.=  60' 8°  F. 


Specific 
gravi  ty. 

Ammonia 
per  cent. 

Specific 

gravity. 

Ammonia 
per  cent. 

Specific 

giavity. 

Ammonia 
per  cent. 

0-9517 

12-000 

0-9607 

9-625 

0-9697 

7-250 

0-9521 

11-875 

0-9612 

9-500 

0-9702 

7-125 

0-9526 

11-750 

0-9616 

9-375 

0-9707 

7-000 

0-9531 

11-625 

0-9621 

9-250 

0-9711 

6-875 

0-9536 

11-500 

0-9626 

9-125 

0-9716 

6-750 

0-9540 

11-375 

0-9631 

9-000 

0-9721 

6-625 

0-9545 

11-250 

0-9636 

8-875 

0-9726 

6-500 

0-9550 

11-125 

0-9641 

8-750 

0-9730 

6-375 

0-9555 

11-000 

0-9645 

8-625 

0-9735 

6-250 

0-9556 

10-950 

0-9650 

8-500 

0-9740 

6-125 

0-9559 

10-875 

0-9654 

8-375 

0-9745 

6-000 

0-9564 

10-750 

0-9659 

8-250 

0-9749 

5-875 

0-9569 

10-625 

0-9664 

8-125 

0-9754 

5-750 

0-9574 

10-500 

0-9669 

8-000 

0-9759 

5625 

0-9578 

10-375 

0-9673 

7-875 

0-9764 

5-500 

0-9583 

10-250 

0-9678 

7-750 

0-9768 

5-375 

0-9588 

10-125 

0-9683 

7-625 

0-9773 

5-250 

0-9593 

10-000 

0-9688 

7-500 

0-9778 

5-125 

0-9597 

0-9602 

9-875 

9-750 

0-9692 

7-375 

0-9783 

5-000 

B.  EsTIMATION  OF  THE  TOTAL  AMOUNT  OF  CAUSTIC  ALKALI  AND  ALRA- 
UNE CARBONATE  IN  SODA  AND  FOTASH  OF  COMMERCE. 

lt  is  well  known  that  the  potash  and  soda  of  commerce  consist  of  a 
mixture  of  alkaline  carbonate  with  a number  of  other  salts.  The  commer- 
cial  value  of  potash  and  soda  depends  entirely  upon  the  proportional 
amount  of  alkaline  carbonate  (or  caustic  alkali)  in  them,  the  admixed  salts 
being  of  no  value  to  the  purchaser.  Now,  as  the  quantity  of  the  latter  is 
very  variable,  it  is  evident  that  the  commercial  value  of  a sample  of  soda 
or  potash  submitted  to  the  analyst  can  be  determined  only  by  ascertaining 
the  proportion  of  alkaline  carbonate  (or  caustic  alkali)  containcd  in  it. 

I will  give  here  two  methods  of  alkalimetry,  based  upon  essentially 
different  principlcs.  The  one  of  these  methods  is  more  expeditious,  the 
other  yields  more  accurate  results  ; they  are,  as  will  be  seen  in  § 188, 
sometimes  employed  jointly,  in  cases  where  it  is  wished  to  deter- 
minc  separately  both  the  quantities  of  alkaline  carbonate  and  caustic 
alkali. 

I.  Alkalhnetrical  method  of  Descroizilles  and  Gay-Lussac. 

§ 185. 

The  principle  of  this  method  is  the  same  as  that  on  which  the  acidime- 
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trical  method,  described  § 182,  is  based,  i.  e.  if  we  know  the  quantity 
of  an  acid  of  known  strengtli,  required  to  saturate  an  unknown  quan- 
tity of  caustic  potassa  or  soda,  or  of  carbonate  of  potassa  or  soda,  we  may 
readily  calculate  from  this  the  amount  of  alkali  present. 

Ihe  process  requires  only  one  fluid  of  known  strength,  viz.,  a fest  acid 
(sulphuric  acid). 

This  is  now  almost  universally  made  of  that  exact  strength  that  50  c.  c. 
= 100°  of  it  saturate  5 grammes  of  pure  anhydrous  carbonate  of  soda. 

The  following  is  the  most  simple  way  of  preparing  it : 

a.  Mix  about  60  grammes  of  concentrated  sulphuric  acid  with  500  c.  c., 
or  120  grammes  with  1000  c.  c.  of  water,  and  let  the  mixture  cool. 

b.  Weigh  off  accurately  5 grammes  of  pure  anhydrous  carbonate  of 
soda,  transfer  to  a flask,  dissolve  in  200  c.  c.  of  water,  and  color  the  solu- 
tion  blue  with  violet  tincture  of  litmus  (see  page  463,  note). 

N.B.  This  instruction  is  addressed  only  to  those  who  do  not  weigh 
on  delicate  balances.  Where  Chemical  balances  are  used,  in  general 
therefore  in  Laboratories,  it  answers  the  purpose  much  better  to  ignite 
gently  in  a platinum  crucible  between  4-5  and  5 grammes  of  car- 
bonate of  soda,  let  the  crucible  cool  under  a bell-glass  over  sulphuric 
acid,  and  then  weigh  it  accurately  with  its  contents.  Transfer  the 
latter  to  the  flask,  and  weigh  the  crucible  ; in  this  manner  the  exact 
quantity  of  carbonate  of  soda  in  the  flask  is  most  accurately  ascer- 
tained.  An  expert  chemist,  accustomed  to  the  use  of  a delicate 
balance,  performs  this  process  with  greater  facility  and  expedition 
than  the  other ; the  results  are  also  far  more  reliable,  as  the  sub  - 
stance  is  weighed  in  a covered  crucible.  The  potassa  or  soda  to  be 
examined  is  afterwards  weighed  in  the  same  manner  as  the  car- 
bonate of  soda. 

c.  Fill  the  burette  or  the  pipette  provided  with  a compression- 
cock,  up  to  the  0 line  with  the  cold  dilute  acid,  and  allow  it  to  flow 
into  the  solution  of  soda,  until  complete  Saturation  is  effected  (see 
below,  determining  the  point  of  Saturation).  This  experiment  should 
be  made  twice.  If  you  have  not  weighed  off  exactly  five  grammes  of  car- 
bonate of  soda,  calculate  from  the  results  obtained  how  much  acid  the 
Saturation  of  five  grammes  would  have  required. 

d.  Dilute  the  acid  remaining  with  a suflicient  quantity  of  water  to  give 
a test  fluid  of  which  exactly  100°  are  required  to  saturate  5 grammes  of 
carbonate  of  soda.  Suppose  it  has  taken  in  the  experiments  (c.)  80°  of 
the  acid  to  saturate  5 grammes  of  carbonate  of  soda,  you  will  have  to  add 
20  volumes  of  water  to  every  80  volurnes  of  the  acid.  This  dilution  of 
the  acid  is  effected  best  in  the  manner  described  § 182,  aa.  Test  the  dilute 
acid  now  once  moreas  above  described.  Keep  the  test  acid  in  well  stop- 
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pered  bottles,  and  shake  before  every  new  series  of  experiments  (see 
page  462).  This  test  acid  serves  for  the  examination  of  all  alkaline 
fluids ; it  indicates  directly  the  percentage  amount  of  alkaline  carbonate 
or  caustic  alkali  present,  provided  tliat  the  experiment  is  made  with 
a vveighed  quantity  of  the  alkaline  fluid  equivalent  to  5 grammes  of 
carbonate  of  soda. 

The  following  tahle  shows  the  equivalent  quantities  : 

100°  of  the  test  acid  saturate  5*000  grammes  of  carbonate  of  soda. 

„ „ 2-925  „ soda. 

„ „ 6*519  „ carbonate  of  potassa. 

„ „ 4-443  „ potassa. 

Accordingly,  if  we  take  6*519  grammes  of  a sample  of  potassa,  the  num- 
ber  of  volumes  used  of  the  test  acid  gives  directly  the  percentage  amount 
of  alkali,  expressed  as  carbonate  of  potassa  ; if  4*443  grammes  are  taken, 
the  number  of  volumes  used  of  the  test  acid  gives  the  percentage  amount 
of  alkali,  expressed  as  anhydrous  caustic  potassa,  &c. 

In  the  examination  of  substances  poor  in  alkaline  carbonates  or  in 
caustic  alkalies,  a multiple  (the  double,  triple,  &c.)  of  the  quantities  given 
above,  is  used,  the  number  of  volumes  required  of  the  test  acid  being 
afterwards  divided  by  the  corresponding  number  (2,  3,  &c.). 

With  respect  to  the  process  we  have  still  to  speak  of  the  following  : 

1.  Determination  of  the  point  of  Saturation. 

With  caustic  alkalies  it  is  easy  to  neutralise  exactlv,  but  in  the  case  of 
alkaline  carbonates,  the  liberated  carbonic  acid,  wliich  imparts  a wine-red 
color  to  the  fluid,  causes  some  difficulty.  This  may  be  overcome  in  two 
different  ways. 

a.  When  you  have  added  to  the  cold  or,  as  the  case  may  be,  previously 
heated  solution  of  soda'or  potassa,  sufficient  of  the  test  acid  to  impart  a wine- 
red  color  to  the  fluid,  heat  to  ebullilion,  with  frequent  shaking : in  pro- 
portion  as  the  carbonic  acid  escapes,  the  fluid  will  change  frorn  red  to  blue. 
If  you  now  add  some  more  test  acid  to  the  nearly  boiliug  fluid,  occasionally 
replacing  the  vessel  on  the  lamp,  you  will  readily  hit  the  exact  point  of 
Saturation,  or,  more  correctly  speaking,  of  begiuning  supersaturation, 
wliich  is  indicatcd  by  the  red  color  of  the  fluid,  slightly  tinged  with  a 
yellowish  hue. 

h.  The  point  of  Saturation  may  be  attained  also,  though  not  with  the 
same  degree  of  accuracy,  without  applying  heat.  A rather  capacious 
flask  is  indispensable  in  this  experiment.  After  every  fresh  addition 
of  test  acid,  the  fluid  is  carefully  and  vigorously  shaken.  The  addition 
of  the  test  acid  may  be  continued  as  long  as  the  red  color  of  the  fluid 
continues  to  show  a tint  ofvioiet.  When  the  point  of  Saturation  is  at  last 
approaching,  the  acid  is  added  more  cautiously,  two  drops  at  a time ; after 
every  fresh  addition  a glass  rod  is  dipped  into  the  fluid,  and  one  or,  wliich 
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answers  still  better,  two  spots  raade  with  it  on  a slip  of  fine  blue  litmus 
paper,  the  volume  being  read  off  eacli  time,  and  the  number  marked  be- 
tween  the  spots.  The  Operation  is  continued  in  this  way  until  the  spots 
on  the  litmus  paper  appear  positively  red.  The  litmus  paper  is  then 
allowed  to  dry,  and  that  lowest  number  is  taken  for  tlie  correct  one  where 
the  red  spots  betwecn  which  it  is  marked  remain  just  visible. 

Let  it  be  borne  in  mind,  as  a rule,  that  the  test  acid  must  be  tried  by  the 
same  method  which  it  is  intended  to  use  subsequently  in  the  process. 

2.  With  regard  to  the  examination  of  potash  by  this  method,  the  fol- 
lowing  points  deserve  attention  : 

The  various  sorts  of  potash  of  commerce  contain,  besides  carbonate  of 
potassa, 

a.  Neutral  salts  ( e . g.  sulpliate  of  potassa,  chloride  of  potassium). 

b.  Salts  with  alhaline  reaction  ( e.g . silicate  of  potassa,  phospliate  of 
potassa). 

c.  Admixtures  insoluble  in  water,  more  especially  carbonate,  phospliate, 
and  silicate  of  lime. 

The  salts  named  in  a.  exercise  no  influence  upon  the  results,  but  not 
so  those  named  in  b.  and  c.  Those  in  c.  may  be  removed  by  filtration  ; 
but  the  admixture  of  the  salts  named  in  b.  constitutes  an  irremediable, 
though  slight  source  of  error. 

If  it  is  required  to  ascertain  whether  a sample  of  potash  contains,  besides 
the  other  salts  mixed  with  the  carbonate  of  potassa,  also  water,  the  deter- 
mination  of  the  latter  ingredient  must  precede  the  alkalimetrical  examina- 
tion. The  same  remark  applies  also  to  soda. 

3.  With  regard  to  the  examination  of  soda  by  this  method  the  following 
points  deserve  attention  : 

The  soda  of  commerce,  prepared  by  Leblanc's  method,  contains,  besides 
carbonate  of  soda,  always,  or  at  least  generally,  hydrate  of  soda,  sulphate 
of  soda,  chloride  of  sodium,  silicate  and  aluminate  of  soda,  and  not  seldom 
also  sulphide  of  sodium,  hyposulphite  and  sulpliite  of  soda. 

The  presence  of  the  three  last  named  substances  and  of  the  silicate  and 
aluminate  of  soda,  impedes  the  process,  and  interferes  more  or  less  with 
the  accuracy  of  the  results.  The  presence  of  the  silicate  and  aluminate 
of  soda  is  usually  indicated  by  the  prccipitate  which  the  solution  of  soda 
deposits  when  saturated  with  acid  ; that  of  the  other  three  substances  is 
ascertained  in  the  following  way  : 

a.  Mix  with  sulphuric  acid ; a smell  of  sulphuretted  liydrogen  reveals 
the  presence  of  sulphide  of  sodium. 

b.  Color  dilute  sulphuric  acid  with  a drop  of  solution  of  chromate  of 
potassa,  and  add  some  of  the  soda  under  examination,  but  not  sufficient  to 
neutralise  the  acid.  If  the  solution  retain  its  reddish-yellow  color,  this 
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proves  the  absence  of  both  sulphite  and  hyposulphite  of  soda  ; but  if  the 
fluid  turns  green  one  of  those  salts  is  present. 

c.  Whether  the  green  coloration  of  the  solution  in  b.  proceeds  from 
sulphite  or  hyposulphite  of  soda,  is  ascertained  by  supersaturating  a clear 
solution  of  the  sample  under  examination  with  hydrochloric  acid.  II 
the  solution,  after  the  lapse  of  some  time,  becomes  turbid,  owing  to  the 
Separation  of  sulphur  (emitting  at  the  same  time  the  odor  of  sulphurous 
acid),  this  may  he  regarded  as  a safe  sign  of  the  presence  of  hyposulphite 
of  soda;  however,  the  solution  may,  hesides  the  hyposulphite,  also  con- 
tain  sulphite  of  soda. 

The  defects  arising  from  the  presence  of  the  three  last  named  Com- 
pounds may  be  remedied  in  a measure  by  igniting  the  weighed  sample  of 
the  soda  with  chlorate  of  potassa,  before  proceediug  to  saturate  it.  This 
Operation  converts  the  sulphide  of  sodium,  hyposulphite  of  soda,  and 
sulphite  of  soda,  into  sulphate  of  soda.  But  if  hyposulphite  of  soda  is 
present  the  process  serves  to  introduce  another  source  of  error,  as  that 
salt  upon  its  conversion  into  sulphate  of  soda,  decomposes  an  equivalent 
of  carbonate  of  soda,  and  expels  the  carbonic  acid  of  the  latter  [Na  O, 
S20„-|-4  O (proeeeding  from  the  chlorate  of  potassa)  + Na  O,  C02  = 2 
(NaÖ,  S03)  + C02]. 


§ 186. 

Mohr  * has  lately  proposed  a modification  of  the  preceding  method  of 
Descroisilles  and  Gay-Lussac,  which  gives  very  good  results.  The  essen- 
tial points  of  the  modified  process  are  the  following : 

1 . Instead  of  the  burette,  wliich  was  formerly  universally  employed  in 
the  process,  the  pipette  provided  with  a compression-cock  is  used. 

2.  Instead  of  the  sulphuric  acid,  a solution  of  63  grammes  (one  equiva- 
lent II— 1)  of  crystallised  oxalic  acid  in  one  litre  of  water,  serves  as  test- 
acid.f 

3.  Besides  this  test  acid  the  process  requires  also  the  aqueous  solution 
of  caustic  soda  described  in  § 182,  aa.  ß. 

4.  The  quantity  of  the  soda  or  potash  taken  for  the  experiment  is= 
one-tenth  part  of  the  respective  equivalents  of  carbonate  of  soda  or  potassa 
accordingly  5*3  grammes  for  soda,  6*9 1 grammes  for  potash.  As  the 
test  acid  contains  in  1000  c.  c.  one  equivalent  of  oxalic  acid,  100  c.  c.  of 
it  are  just  sufficient  to  neutralise  the  quantity  taken  of  the  soda  or 
potash — assuming  the  alkaline  carbouates  to  be  perfectly  pure. 

5.  The  alkali  is  dissolved  in  water,  and  tlie  solution  colored  blue  with 

* Annal.  der  Chem.  und  Pharm.,  86,  129. 

+ This  is  the  samc  solution  which  has  been  mentioned  already  in  the  chapter  on  Acidime- 
try;  instead  of  it  the  sulphuric  acid  prepared  as  directed  $ 182,  aa.  a.,  and  which  is 
equivalent  to  it,  may  be  substituted. 
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some  tincture  of  litmus.  As  much  of  the  test  acid  is  allowed  to  pass  out 
of  the  pipette  as  will  suffice  to  impart  a violet  color  to  the  fluid,  which  is 
then  boiled,  and  receives  a further  addition  of  acid,  until  the  color  looks 
decidedly  yellowish  red  ; more  acid  is  now  added  to  make  up  in  full  the 
next  five  or  ten  c.  c.  of  the  pipette,  and  the  alkali  is  thus  decidedly  over- 
saturated  ; the  last  traces  of  carbonic  acid  are  rernoved  by  boiling,  shaking, 
blowing  into  the  flask,  and  finally  drawing  the  air  out  of  the  latter. 

6.  A pipette  or  burette,  divided  into  one-tenth  c.  c.  is  now  filled  with 
the  test  solution  of  soda,  and  the  latter  is  then  added  drop  by  drop  to  the 
mixture  of  5.,  until  the  color  changes  from  light  red  to  violet,  and  then 
suddenly  to  bright  blue. 

7 . The  number  of  c.  c.  used  of  the  solution  of  soda  is  marked,  and 
dcducted  from  that  of  the  c.  c.  used  of  the  test  acid  : the  difference 
expresses  directly  in  percents,  the  amount  of  pure  alkaline  carbonate  con- 
tained  in  the  examined  sample. 


II.  Fresenius  and  Will’ s Method.* 

§ 187. 

In  this  method  the  quantity  of  alkaline  carbonate  contained  in  a sample 
of  potash  or  soda  is  calculated  from  the  amount  of  carbonic  acid  disen- 
gaged  from  it.  Its  application  demands  therefore  that  all  the  alkali,  which 
constitutes  its  commercial  value,  be  present  in  the  form  of  a neutral  car- 
bonate, and  that  the  substance  contain  no  other  carbonate  besides  this. 
If  the  sample  under  examination  fails  to  satisfy  these  conditions,  it  must 
be  treated  in  the  proper  manner  to  bring  them  about. 

The  determination  of  the  carbonic  acid  is  effected  in  the  way  described 
§ 110,  II.  b.  ß.  aa.  The  flasks  of  the  apparatus,  illustrated  in  Fig.  45 
(page  243),  should  not  be  too  small : A should  hold  from  two  to  two  and 
a half,  B from  one  and  a half  to  two  ounces  of  water.  Tliough  not  abso- 
lutely  necessary,  it  is  always  advisable  to  precede  the  determination  of 
the  carbonic  acid  by  a quantitative  estimation  of  the  water  contained  in 
the  sample  under  examination. 

1.  Examination  of  potash. 

a.  Determination  of  the  water. 

Place  a small  dish  of  sheet  iron,  about  two  inches  in  diameter,  and  pro- 
vided  with  a somewhat  loose-fitting  cover,  on  one  scale  of  a balance  toge- 
ther  with  a ten  gramme  weight ; equipoise  the  balance  accurately  by 
putting  on  the  other  scale  small  shot,  and  ultimately  slips  of  tin-foil.  Take 
several  samples  of  the  potash  from  different  parts  of  the  mass,  triturate 
them  with  the  greatest  expedition  in  a dry  mortar,  remove  the  ten  gramme 

* Comparo  the  little  work  named,  page  465,  note,  which  treats  of  the  subject  more  in 
detail. 
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weight,  and  put  portions  of  the  pulverised  potash  into  the  dish  until  the 
equilibrium  is  perfectly  restored. 

You  have  now  exactly  ten  grammes  of  the  potasli  in  the  dish.  Apply 
a gentle  heat  to  the  dish,  and  maintain  it,  until  the  whole  of  the 
water  present  in  the  potash  is  expelled,  which  may  be  ascertained  by 
holding  a glass  plate  over  the  open  dish  and  observing  whether  any  aqueous 
vapor  continues  to  condense  upon  it  or  not-  Cover  the  dish,  let  it  get 
cold,  then  replace  it  on  the  balance,  and  restore  the  equilibrium  by  adding 
weights.  The  number  of  decigrammes  required  to  restore  the  equilibrium 
indicates  directly  the  amount  of  water  contained  in  every  100  parts  of  the 
examined  potash. 

A porcelain  crucible  provided  witli  a lid  may  be  used  instead  of  the 
iron  dish. 

b.  Determination  oe  the  carbonic  acid. 

Weigh  off  6-283  grammes  of  the  anhydrous  residue  of  a.,  and  deter- 
mine  the  carbonic  acid  contained  in  that  quantity,  as  directed  § 110,  II. 
b.  ß.  aa.  Divide  by  2 the  number  of  centigrammes  of  carbonic  acid  dis- 
engaged : the  result  expresses  the  quantity  of  carbonate  of  potassa  con- 
tained in  the  examined  sample.  Suppose  your  6-283  grammes  of  potash 
have  given  1 *80  grammes  of  carbonic  acid  (indicated  by  the  loss  of  weight 
of  the  apparatus),  the  examined  sample  contains  = 90  per  cent  of 
carbonate  of  potassa. 

If  the  potash  contains  carbonate  of  lime,  which,  liowever,  is  only  very 
rarely  the  case,  dissolve  it  in  water,  filter,  concentrate  the  filtrate  by  eva- 
poration,  and  then  proceed  in  the  manner  just  now  directed  ( b .).  In 
presence  of  sulphide  of  potassium  and  caustic  potassa,  proceed  as  with 
soda  under  the  same  circumstances  (see  2). 

2.  Examination  of  soda. 

The  general  metliod  is  the  same  as  in  1 ; 4-817  grammes  of  the  anhy- 
drous residue  are  weighed  off  instead  of  6-283  grammes. 

If  a soda  contains  sulphide  of  sodium , sulphite , or  hyposulphite 
of  soda,  the  liberation  of  the  carbonic  acid  by  the  common  process 
would  be  attended  with  the  disengagement  of  sulphuretted  hydrogen  or 
sulphurous  acid,  which  would  of  course  go  to  swell  the  apparent  amount 
of  the  carbonic  acid.  This  defect  may  be  readily  remedied  by  adding 
to  the  solution  of  the  soda  in  a a small  quantity  of  solution  of  neutral 
chromate  of  potassa,  which  will  effect  the  decom position  of  the  sulphu- 
retted hydrogen  or  sulphurous  acid ; and  the  products  of  this  deeom- 
position  being  non-volatile,  the  carbonic  acid  only  will  be  evolved.  As 
most  sorts  of  soda  of  commerce  contain  admixtures  of  either  the  one 
or  the  other  of  the  substances  named,  and  as  it  is  far  more  simple  to  add 
at  once  some  chromate  of  potassa  to  the  soda  solution  than  to  test  the 
bitter  first  for  the  presence  of  either  of  the  three  salts — it  is  always 
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advisable  to  make  it  a rule  in  the  examination  of  soda,  to  add  some  chro- 
mate  of  potassa. 

If  the  soda  under  examination  contains  caustic  soda,  whicli  may  be 
detected  by  the  alkaline  reaction  which  the  solution  of  the  sample  mani- 
fests,  after  the  addition  of  chloride  of  barium  in  excess,  tlie  following 
modification  of  the  common  method  is  adopted. 

a,  Determination  of  the  water. 

This  is  effected  in  the  usual  way.  (See  1,  a.  Examination  of  potash.) 

h.  Determination  of  the  carbonic  acid. 

Weigh  off  4'818  grammes  of  the  anhydrous  residue  of  a.,  and  triturate 
in  a mortar  with  from  three  to  four  parts  of  pure  cpiartz  sand,  and  about 
one-tliird  of  carbonate  of  ammonia  in  powder  ; transfer  the  mixture  to 
a small  iron  dish,  aud  rinse  the  mortar  with  sand,  transferring  the  sand 
used  also  to  the  dish.  Moisten  the  mass  in  the  dish  with  as  much  water 
as  it  can  absorb  ; let  it  stand  a short  time,  and  then  lieat  gently  until  the 
water  is  completely  expelled.  The  residue  contains  now  no  longer  the 
least  trace  of  carbonate  of  ammonia.  If  the  soda  under  examination  con- 
tains sulphide  of  sodium  besides  caustic  soda,  the  mass  in  the  dish  is 
moistened  with  solution  of  caustic  ammonia  instead  of  water,  to  eflfect  the 
reduction  of  the  sesqui-carbonate  of  ammonia  to  neutral  carbonate  ; other- 
wise  sulphide  of  ammonium  would  be  formed,  and  part  of  the  sulphide  of 
sodium  converted  into  carbonate  of  soda. 

When  the  mass  is  cold  transfer  it  from  the  dish  to  the  flask  a (which 
may  be  readily  effected  with  the  aid  of  a spatula  ) ; rinse  the  dish  with 
a little  water,  and  pour  this  also  into  A.  Conduct  the  rest  of  the  process 
in  the  usual  way.  The  addition  of  sand  is  intended  to  prevent  the  caking 
of  the  mass,  and  the  spirting  which  would  otherwise  attend  the  expul- 
sion  of  the  water,  unless  the  greatest  caution  were  used  in  the  process 
of  heating ; moreover,  the  perfect  removal  of  the  dried  mass  from  the  dish 
would  be  rather  difficult  but  for  the  sand. 

The  latter  Operation  (viz.,  the  transfer  of  the  mass  from  the  dish  to  the 
flask)  may  be  still  more  facilitated  by  coating  the  inside  of  the  dish  with 
sand,  previously  to  the  introduction  of  the  mixture  ; this  is  effected  most 
simply  by  moistening  the  inner  sides  and  bottom  of  the  dish  with  wrater, 
throwing  a handful  of  sand  into  it,  and  shaking  out  tlie  superfluous 
quantity. 


C.  Determination  of  the  caustic  alkali  which  commercial 

POTASH  AND  SODA  MAY  CONTAIN  BESIDE  THE  CARBONATE. 

§ 188. 

Many  kinds  of  potash  and  soda,  more  especially  the  latter,  contain,  besides 
alkaline  carbonate,  also  caustic  alkali ; and  the  chemist  is  oftcn  called  upon 
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to  determine  the  amount  of  the  latter,  as  it  is,  for  instance,  bv  no  means  a 
matter  of  indifference  to  the  soap-boiler  how  much  of  the  soda  is  supplied 
to  bim  in  the  caustic  state.  This  may  be  effected  most  simply  by  com- 
bining  the  metbod  described  in  § 185  or  in  § 186  with  the  one  given  in 
§ 187,  i ■ e.  determining  by  one  of  the  former  the  total  amount  of  alkali 
present,  both  in  the  caustic  state  and  as  carbonate,  and  estimating  by  the 
latter  the  quantity  of  carbonic  acid  and  tlierefore  also  of  alkaline  car- 
bonate. The  difference  between  the  result  of  the  two  processes  indicates 
accordingly  the  quantity  of  alkaline  carbonate  to  which  the  caustic  alkali 
contained  in  the  examined  article  corresponds.  To  calculate  the  carbonate 
of  soda  as  anhydrous  caustic  soda  it  is  multiplied  by  0*5849,  to  calculate 
it  as  hydrate  of  soda  it  is  multiplied  by  0*7547  ; to  calculate  the  carbonate 
of  potassa  as  anhydrous  caustic  potassa  it  is  multiplied  by  0*6817  ; to 
calculate  it  as  hydrate  of  potassa  it  is  multiplied  by  0*8119. 

It  will  be  readily  seen  that  this  object  may  also  be  attained  simply 
by  the  method  given  in  § 187,  by  determining  in  one  weighed  sample  the 
carbonic  acid  at  once,  in  another  after  previous  treatment  with  carbonate 
of  ammonia. 

3.  Chlorimetry. 


§ 189. 

The  chloride  of  lime,  or  bleaching  powder  of  commerce,  is  a mixture  of 
hydrate  of  lime  with  hypochlorite  of  lime  and  chloride  of  calcium  ; in 
pure  chloride  of  lime  the  two  latter  ingredients  are  always  present  in  the 
proportion  of  one  equivalent  of  the  one  to  one  equivalent  of  the  other. 
The  action  of  an  acid  upon  chloride  of  lime  effects  the  liberation  of  the 
whole  of  the  chlorine  present,  since 

Ca  O,  CI  O + Ca  Cl  + 2 S 03=2  Ca  0,  S 03  + 2 CI. 

The  bleaching  powder  of  commerce  varies  exceedingly  in  the  amount  of 
chlorine  which  it  yields  when  treated  with  acids.  Now,  as  the  commercial 
value  of  this  article,  which  is  extensively  manufactured  and  sold,  depends 
entirely  upon  the  proportional  amount  of  chlorine  which  it  contains,  it 
was  very  natural  that  chemists  should  endeavor  to  devise  some  simple 
method  of  determining  the  available  amount  of  chlorine  in  anv  given  sample 
of  bleaching  powder.  The  various  method s proposed  with  the  view  of 
effecting  this  object  have  collectively  received  the  name  of  “ Chlorimetry .” 

The  number  of  chlorimetrical  methods  that  have  been  proposed  is  so 
great  that  I cannot  give  all  of  them,  but  must  confine  myself  to  a descrip- 
tion  of  those,  which  are  distinguished  either  for  the  facility  of  the  process 
or  for  the  accuracy  of  the  results,  or  which  deserve  mention  from  the 
circumstance  that  they  are  commonly  employed.  In  the  description  of 
the  several  methods  I shall  have  occasion  to  speak  of  their  respectivc 
advantagcs  and  defects. 
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Before  I proceed  to  tlie  description  of  the  chlorimetrical  methods,  I 
have  to  remark  that  the  results  of  the  examination  of  chloride  of  lime  are 
usually  expressed  in  two  different  ways.  Whilst  the  scientific  chemist 
givcs  the  percentage  amount  of  available  chlorine  contained  in  a sample  of 
chloride  of  lime  hy  weight,  the  substance  is  valued  and  sold  by  chlori- 
metrical degrees.  This  latter  method  devised  by  Gay-Lussac  liow 
many  litres  of  chlorine  gas  of  0°  C.  (32°  F.),  at  0’76  expresses  met. 
atmospheric  pressure  (29 ‘9°  bar.),  are  contained  in  1000  grammes  of 
chloride  of  lime. 

However,  as  we  know  that  one  litre  of  chlorine  gas  of  0°  C.  and  0‘76 
met.  bar.  weighs  3*  17007  grammes,  it  is  easy  to  calculate  the  results  by 
measure  in  results  by  weight,  and  vice  versd. 

Thus,  for  instance,  a sample  of  chloride  of  lime  of  90°  contains  3*17007 
X 90  = 285*306  grammes  of  chlorine  in  1000  grammes,  consequently 
28*53  in  100  ; and  a sample  containing  34*2  per  cent  by  weight  of  chlo- 
rine, contains  107*9°,  since,  as  100  grammes  contain  34*2  grammes  of 
chlorine,  1000  grammes  contain  342, 

342 

and  = 107*9  litres. 

3*17007 

PrEPARATION  OF  THE  SOLUTION  OF  CHLORIDE  OF  LIME. 

§ 190. 

The  solution  is  prepared  alike  for  all  methods,  and  this  is  done  best  in 
the  following  manner : 

Weigh  off  10  grammes,  triturate  finely  with  a little  water,  add  gradually 
more  water,  stir  the  mixture  up,  let  the  grosser  particles  subside,  and 
pour  the  supernatant  liquid  into  the  measuring  flask,  which  must  hold 
one  litre ; triturate  the  residue  again  with  water,  and  rinse  the  contents 
of  the  mortar  carefully  into  the  flask  ; fill  the  latter  to  the  litre  mark, 
shake  the  milky  fluid,  and  examine  it  at  once  in  that  state,  i.  e.  without 
allowing  it  to  deposit ; and  every  time,  before  you  measure  off  a fresh  por- 
tion  of  it,  shake  it  again.  The  results  obtained  with  this  turbid  solution 
are  much  more  constant  and  accurate  than  those  arrived  at  in  cases  where, 
as  is  usually  recommended,  the  fluid  has  been  allowed  to  deposit,  and  the 
experiment  made  with  the  supernatant  clear  portion  alone.  Of  the  truth 
of  this  you  may  readily  convince  yourself,  by  making  two  separate  experi- 
ments,  one  with  the  decanted  clear  fluid,  the  other  with  the  residuary 
turbid  mixture.  Thus,  for  instance,  in  an  experiment  made  in  my  own 
laboratory,  the  decanted  clear  fluid  gave  22*6  of  chlorine,  the  residuary 
mixture  25*0,  the  equally  mixed  turbid  solution  24*5. 

1 c.  c.  of  the  solution  of  chloride  of  lime  so  prepared  corresponds  to 
0*01  arm.  of  chloride  of  lime. 


§ 191.] 
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A.  Method  of  Gay-Lussac  (somewhat  modified). 

§ 191. 

Gay-Lussac’ s method,  which  tili  lately  was  employed  in  most  manu- 
factories,  is  based  upon  the  circumstance  that  the  contact  of  chlorine  with 
arsenious  acid,  in  presence  of  water,  gives  rise  to  the  formation  of  arsenic 
acid  and  hydrochloric  acid  : 

As  03  +2  CI + 2 110= As  05  -f  2 HCl. 

One  equivalent  of  arsenious  acid=1237‘5  (or  99)  requires  accordingly 
two  equivalcnts  of  chlorine  = 886‘  6 (or  70 '92)  forits  conversion  into  arsenic 
acid;  or,  in  other  terms,  100  parts  by  weight  of  chlorine  oxidise  139‘ß 
parts  of  arsenious  acid.  Consequently  the  amount  of  a solution  of  chlo- 
rine required  to  convert  a definite  quantity  of  arsenious  acid  into  arsenic 
acid,  indicates  at  once  the  proportional  amount  of  chlorine  present  in  that 
solution.  The  arsenious  acid  is  best  used  in  solution  ; it  is  prepared 
of  definite  strength  as  follows  : 

a.  Preparation  of  the  solution  of  arsenious  acid. 

Dissolve  13‘96  grammes  of  pure  arsenious  acid  in  solution  of  potassa 
or  soda,  and  add  as  mucli  water  as  will  give  exactly  one  litre,  in  wliich 
case  10  c.  c.  of  it  will  contain  0T396  of  arsenious  acid  corresponding  to 
0-l  grm.  of  chlor  ine. 

h.  The  process. 

Measure  off  with  the  pipette  10  c.  c.  of  the  solution  of  arsenious  acid 
(a),  transfer  to  a beaker-glass,  and  dilute  with  water  ; add  hydrochloric 
acid  until  it  predominates  strongly ; color  the  fluid  blue  with  a drop  or  two 
of  solution  of  indigo,  and  add  the  solution  of  cliloride  of  lime  made  accord- 
ing  to  the  directions  of  § 190,  drop  by  drop,  with  continued  stirring, 
until  the  blue  color  has  nearly  disappeared.  Add  now  another  drop  of 
solution  of  indigo,  and  then  again  solution  of  Chloride  of  lime  until  the 
fluid  suddenly  loses  all  color,  which  the  addition  of  a very  small  drop  of 
solution  of  indigo  fails  to  restore. 

The  amount  of  solution  of  chloride  of  lime  used  contained  0*1  grm.  of 
chlorine.  Suppose  40  c.  c.  = 80°  of  the  burette  have  been  used : now, 
as  every  cubic  centimeter  corresponds  to  0-01  of  chloride  of  lime,  the 
percentage  amount  of  clilorine  by  weight  in  the  chloride  of  lime  is  found 
by  the  following  equation  : 

0-40:  0-10  : : 100:  x;  x = 25; 

or,  by  dividing  1000  bythe  number  of  c.  c.  used  of  the  solution  of  chloride 
of  lime  or  2000  by  the  number  of  degrees  of  the  burette  (=  one-half  c.  c.j 

Tliis  method  indeed  gives  satisfactory  results ; but  it  requires  some 
practice  to  hit  the  exact  point  when  the  arsenious  acid  is  fully  convertcd 
into  arsenic  acid ; moreover  the  process  is  liable  to  be  vitiated  by  the 
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evolution  of  a little  chlorine.  The  latter  defect  becomes  more  serious  if, 
as  is  commonly  done,  a more  concentrated  solution  of  chloride  of  lime  is 
used  (see  Analytical  Notes  and  Experiments,  No.  72). 


B.  Penot’s  Method.* 


§ 192. 

This  method  also  is  based  upon  tlie  conversion  of  arsenious  acid  into 
arsenic  acid  ; hut  it  effects  that  conversion  in  an  alkaline  solution.  Iodised 
paper  is  employed  to  asccrtain  the  exact  point  when  the  reaction  is  com- 
pleted. 

a.  Preparation  of  the  iodised  paper. 

Heat  a mixture  of  1 gramme  of  iodine,  7 grammes  of  crystallised  carbonate 
of  soda,  3 grammes  of  potato  starch,  and  250  c.  c.  of  water,  uutil  all  is 
dissolved  and  the  solution  appears  colorless.  Take  the  mixture  from  the 
fire,  and  dilute  it  with  the  quantityof  water  necessary  to  give  the  500  c.  c. 
of  fluid.  Moisten  fine  white  (unsized)  paper  with  this  fluid,  and  dry  it. 

b.  Preparation  of  the  solution  of  arsenious  acid. 

Dissolve  4 ‘425  grammes  of  pure  arsenious  acid  and  13  grammes  of 
crystallised  carbonate  of  soda,  in  from  600  to  700  c.  c.  of  water,  with  the 
aid  of  heat,  let  the  solution  cool,  and  then  dilute  it  with  the  quantity 
of  water  required  to  give  exactly  one  litre  of  fluid.  Everv  1 c.  c.  of  this 
solution  contains  0*004425  grm.  of  arsenious  acid,  corresponding  to  1 c.  c. 
of  chlorine  gas  of  0°  C.  (32°  F.)  and  0*76  met.  of  atmospheric  pressure; 
consequently  every  degree  of  the  burette  of  the  acid  solution  corresponds 
exactly  to  one  degree  of  the  burette  of  chlorine  gas.f 

c.  The  process. 

Measure  off  with  a pipette  50  c.  c.  — 100°  of  the  solution  of  chloride  of 
lime  prepared  according  to  the  directions  given  § 190  ; transfer  to  a beaker, 
and  add  the  solution  of  arsenious  acid  ( b ) from  a burette  holding  50  c.  c. 
= 100°,  or  from  a pipette  of  the  same  capacity,  provided  with  a compression 
stopcock,  with  constant  stirring,  uutil  a drop  of  the  mixture  produces  no 
longer  a blue-colored  spot  on  the  iodised  paper ; it  is  very  easy  to  hit  the 
point  exactly,  as  the  gradually  iucreasing  faintness  of  the  blue  spots 

* Bulletin  de  la  Societe  Industrielle  de  Mulhouse,  1852,  No.  118.  Dhigler's  Polytech. 
Journal,  127,  134. 

+ Penot  gives  the  quantity  of  arsenious  acid  as  4*44  ; but  I have  corrected  this  number  to 
4 '4  25,  in  accordance  with  the  numbers  wliich  are  at  present  assumed  to  represent  the  proper 
equivalent  of  the  substances,  and  the  correct  weight  of  a litre  of  chlorine  gas— after  the  follow 
ing  equation : — 

70-92  (2  equ.  of  chlorine) : 99  (1  equ.  of  As03, : : 3‘17007  (weight  of  a litre  of  chlorine  gas  : x ; 
x— 4-425,  i.  e.  the  quantity  of  arsenious  acid  which  1 litre  of  chlorine  gas  converts  into 
arsenic  acid. 
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made  on  the  paper  by  the  fluid  dropped  on  it,  indicates  the  terminatiou 
of  the  reactiou,  and  warns  the  operator  to  confine  the  further  addition 
of  the  solution  of  arsenious  acid  to  a single  drop  at  a time.  The  number 
of  degrees  c.  c.)  used  of  the  acid  indicates  directly  the  number  ot 
chlorimetrical  degrees  (i.  e.  the  number  of  litres  of  chlorine  gas  contained 
in  one  kilogramme  of  the  examined  sample),  as  the  followiug  calculation 
shows : suppose  you  have  used  80°  c.  c)  of  solution  of  arsenious 
acid,  the  100°=50  c.  c.  of  the  solution  of  Chloride  of  lime,  with  whicli  the 
experiment  has  been  made,  contains  80° =40  c.  c.  of  chlorine  gas.  Now, 
these  100°=50  c.  c.  corresponds  to  0*5  grm.  of  chloride  of  lime;  and, 
accordingly,  as  they  contain  40  c.  c.  of  chlorine  gas,  1000  grammes  con- 
tain  8000  c.  c.=80  litres.  This  method  give  very  constant  and  accurate 
results,  and  appears  to  be  the  best  adapted  for  manufacturers. 


C.  Ottö’s  Method. 


§ 193. 

The  principle  of  this  method  is  as  follows  : 

Two  equivalents  of  sulphate  of  protoxide  of  iron,  when  brought  into 
contact  with  chlorine,  in  the  presence  of  water  and  of  free  sulphuric  acid, 
give  one  equivalent  of  sulphate  of  sesquioxide  of  iron,  and  one  equivalent 
of  HCl.,  the  process  consuming  one  equivalent  of  chlorine. 

2 FeO,  S03  + S03+H0  + Cl=Fe203,  3 S03+HC1. 

Two  equivalents  of  FeO,  S03  = 1900,  or,  calculated  as  crystallised  sul- 
phate of  protoxide  of  iron, 

2 (FeO,  S03,  HO +6  aq)  =3475*0 

correspond  to  443*28  of  chlorine,  or,  in  other  terms,  0*7839  grm.  of  crys- 
tallised sulphate  of  protoxide  of  iron  correspond  to  0*1  grm.  of  chlorine. 

The  sulphate  of  protoxide  of  iron  required  for  these  experiments  is  best 
prepared  as  follows : 

Take  iron  nails,  free  from  rust,  and  dissolve  tliem  in  dilute  sulphuric 
acid,  applying  heat  in  the  last  stage  of  the  Operation  ; Alter  the  solution, 
still  hot,  into  about  twice  its  own  volume  of  spirits  of  wine.  The  preci- 
pitate  which  is  produced  consists  of 

FeO,  S03 -f-IIO-t- 6 aq. 

Collect  it  upon  a Alter,  wash  with  spirits  of  wine,  spread  upon  a sheet 
ot  blotting  paper,  and  dry  in  the  air.  When  the  mass  smells  no  longer 
of  spirits  ot  wine,  transfer  it  to  a bottle  and  kecp  this  well  corked. 

The  process. 

Dissolve  3*1356  grammes  (that  is,  4 x 0*7839  grm.)  of  the  precipitated 
sulphate  of  protoxide  of  iron  in  the  quantity  of  water  required  to  give 
200  c.  c.  of  fluid ; take  50  c.  c.  of  the  solution,  by  means  of  a pipette, 
dilute  with  from  150  to  200  c.  c.  of  water,  acidifv  strongly  with  pure 
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hydrochloric  acid,  and  add  from  a burette  holding  50  c.  c.=  100°  the  well 
shaken  solution  of  chloride  of  lime,  prepared  according  to  thc  directions 
given  in  § 190,  until  the  sulpliate  of  protoxide  of  iron  is  completely  con- 
verted  into  sulphate  of  sesquioxide.  To  know  the  exact  point  when  the 
peroxidation  is  completed,  spriukle  a number  of  drops  of  a solution  of 
ferricyanide  of  potassium  on  a clean  plate,  and,  when  the  Operation  is  draw- 
ing  to  an  end,  apply  some  of  the  mixture  with  a stirring  rod  to  one  of 
the  drops  on  the  plate,  and  observe  whether  it  produces  a blue  precipitate, 
repeat  the  experimcnt  after  every  fresh  addition  of  twro  drops  of  the  solu- 
tion of  chloride  of  lime.  When  the  mixture  no  longer  produces  a blue 
precipitate  in  the  solution  of  ferricyanide  of  potassium  on  the  plate,  read 
off  the  number  of  volumes  used  of  the  solution  of  chloride  of  lime.  As 
the  amount  of  solution  of  chloride  of  lime  used  contained  Ol  grm.  of 
chlorine,  the  calculation  is  made  exactly  as  in  § 191. 

This  method  also  gives  very  satisfactory  results,  provided  ahvays  that 
the  sulphate  of  protoxide  of  iron  is  perfectly  dry  and  free  from  sesqui- 
oxide. 

Modification  of  Otto’s  Method. 

a.  Instead  of  the  solution  of  sulphate  of  protoxide  of  iron,  a solution  of 
protochloride  of  iron,  prepared  by  dissolving  pianoforte  wire  in  hydro- 
chloric acid  (according  to  the  directions  given  § 89,  2,  a.  bb.),  may  be 
used  with  the  best  results.  If  0 6316  of  pure  metallic  iron,  that  is  06335 
of  fine  pianoforte  wire,  which  may  be  assumed  to  contain  99‘7  per  cent  of 
iron,  are  dissolved  in  the  necessary  quantity  of  water  to  give  200  c.  c.  of 
fluid,  the  solution  so  prepared  contains  exactly  the  same  amount  of  iron 
as  the  solution  of  sulphate  of  protoxide  usually  employed  in  Otto's  pro- 
cess — that  is,  50  c.  c.  of  it  correspond  to  0-1  grm.  of  chlorine.  But  as  it 
is  rather  a difficult  task  to  weigh  olf  a definite  quantity  of  iron  wire,  I 
prefer  weighing  accurately  ahout  0*15  of  iron,  which  I dissolve,  then 
dilute  the  solution  to  about  200  c.  c.,  oxidise  the  iron  in  it  with  the 
solution  of  chloride  of  lime  prepared  according  to  the  directions  given  in 
§ 190,  and  calculate  the  chlorine  by  the  proportion 

56  : 35  46  : : the  quantity  of  iron  used  : x ; 
the  x found  corresponds  to  the  chlorine  contained  in  the  amount  used  of 
the  solution  of  chloride  of  lime.  This  calculation  may  be  dispensed  with 
by  the  application  of  the  following  formula,  which  is  calculated  with  due 
regard  to  the  carbon  in  the  pianoforte  wire. 

1.  Multiply  the  weight  of  the  pianoforte  wire  by  12626,  and  divide  the 
product  by  the  number  of  volumes  of  the  burette  c.  c.)  used  of  the 
solution  of  chloride  of  lime  : the  result  expresses  the  percentage  amount  of 
chlorine  by  weight ; or, 

2.  Multiply  the  weight  of  the  wire  by  39829,  aud  divide  the  product  by 
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tlie  number  of  volumes  of  the  burette  c.  c.)  used  of  the  solution  of 
cbloride  of  lime : the  result  expresses  the  chlorimetrical  degrees  of  the 
chloride  of  lime  (the  number  of  litres  of  chlorine  gas  contained  in  one 
kilogramme  of  the  specimen  examined). 

This  method  gives  very  good  results.  I have  described  it  here  prin- 
cipally  because  it  dispenses  altogether  with  the  use  of  test*fluids  of  knovra 
strength.  It  is  therefore  especially  well  adapted  for  occasional  exami- 
nations  of  samples  of  chloride  of  lime,  and  also  by  way  of  control. 

b.  Instead  of  exactly  oxidising  the  protoxide  or  protochloride  of  iron  by 
the  chloride  of  lime,  you  may  also  proceed  as  follows  : weigh  accurately 
about  0-3  grm.  of  pianoforte  wire,  dissolve  in  hydrochloric  acid,  according 
to  the  direction  given  in  § 89,  2,  a.  bb.  ; and  dilute  the  still  strongly 
acid  solution  to  from  200  to  300  c.  c. ; add  from  a burette  100° =50  c.  c. 
of  the  solution  of  chloride  of  lime,  prepared  according  to  the  directions 
of  § 190,  stir  the  mixture,  and  lastly  determine  by  means  of  perman- 
ganate  of  potassa  the  quantity  of  iron  which  still  remaius  in  the  state  of 
protoxide  or  protochloride  (§  89).  By  this  means  the  quantity  of  iron 
which  has  been  peroxidised  by  the  chloride  of  lime  is  ascertained,  and 
from  this  you  may  calculate,  by  the  formulee  given  in  a.,  the  percentage, 
or  in  chlorimetrical  degrees,  the  amount  of  chlorine  contained  in  the 
specimen  examined.  The  results  are  very  accurate. 

D.  Bunsen’s  Method. 

§ 194. 

Pour  10  c.  c.  of  the  solution  of  chloride  of  lime,  prepared  according  to 
the  directions  of  § 190  (containing  0’1  of  chloride  of  lime)  into  a beaker, 
and  add  about  6 c.  c.  of  the  solution  of  iodide  of  potassium,  prepared  ac- 
cording to  the  directions  of  § 114  (containing  0-6  of  KI);  dilute  the 
mixture  with  about  100  c.  c.  of  water,  aeidify  with  hydrochloric  acid,  and 
determine  the  liberated  iodine  as  directed  § 1 14.  As  one  equivalent  of  iodine 
corresponds  to  one  equivalent  of  chlorine,  the  calculation  is  easy.  This 
method  gives  excellent  results.  (Compare  Analytical  Notes  and  Experi- 
ments, No.  72.) 

4.  Determination  of  the  amount  of  binoxide  in  manganese 

ores. 

§ 195. 

The  native  ores  of  manganese  are  mixtures  of  binoxide  of  manganese 
with  lower  oxides  of  that  metal,  and  hesides  these,  with  sesquioxide  of  iron, 
clay,  sulphate  ot  baryta,  &c.,  and  they  invariably  contain  some  moisture. 
Now,  as  the  commercial  value  of  manganese  ores  depends  entirely  upon 
the  amount  of  binoxide  which  they  contain,  itis  a matter  of  the  greatest  in- 
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terest  for  the  manufacturer  and  the  merchant  to  ascertain  this.  Of  the 
many  nietliods  that  liave  been  proposed  for  the  examination  of  manganese 
ores,  I select  three  as  the  most  expeditious  and  accurate.  The  first  is 
more  particularly  adapted  for  technical  examinations.* 

A.  Fresenius  and  WilVs  Method. 

The  principle  upon  whicli  this  method  is  based  bas  been  applied  already 
by  Berthier  and  Thomson. 

The  following  remarks  will  serve  to  explain  it. 

a.  When  oxalic  acid  or  an  oxalate  is  brought  into  contact  with  binoxide 
of  manganese,  in  presence  of  sulphuric  acid  in  excess,  sulpbate  of  prot- 
oxide  of  manganese  is  formed,  and  carbonic  acid  evolved,  as  the  oxygen, 
wliich  we  may  assume  to  exist  in  the  binoxide  of  manganese  in  combination 
witli  tlie  protoxide  of  the  metal,  combines  with  the  oxalic  acid,  and  thus 
converts  the  latter  into  carbonic  acid. 

MnO  3 + SO 3 + C 2 O 3 = Mn O,  SO  3 + 2 (CO  2 ) . 

Every  equivalent  of  available  oxygen  or,  what  amounts  to  the  same, 
every  equivalent  of  binoxide  of  manganese  present,  gives  two  equivalents 
of  carbonic  acid. 

h.  If  tliis  process  is  performed  in  a weigbed  apparatus  from  whicli 
nothing  except  the  evolved  carbonic  acid  can  escape,  and  wliich,  at  the 
same  time,  permits  the  complete  expulsion  of  that  acid,  the  diminution  of 
weight  will  at  once  show  the  amount  of  carbonic  acid  whicli  lias  escaped, 
and  consequently,  by  a very  simple  calculation,  the  quantity  of  binoxide 
contained  in  the  analysed  manganese  ore. 

c.  But  even  this  calculation  may  be  avoided  by  simply  using  in  tlie 
Operation  the  exact  weight  of  ore  whicli,  if  the  latter  consisted  of  pure 
binoxide,  would  give  100  parts  of  carbonic  acid  ; whicli  weight  is  found  by 
the  following  equation  : — 

2 eq.  of  CO  2 1 eq.  of  Mn02 

550-00  : 544-Ö8  : : 100  : x ; 

x — 99-033. 

The  number  of  parts  or  volumes  evolved  of  carbonic  acid  expresses 
directly  the  number  of  parts  of  binoxide  contained  in  100  parts  of  tlie 
analysed  ore.  Suppose  the  experiment  is  made  with  0-99033  grm.  of 

* The  discrepancies  which  are  but  too  often  obscrved  in  the  results  of  several  analyses 
of  the  same  manganese  ore  by  different  chemists,  are  attributable  (as  De  Vry  has  re- 
marked)  principally  to  the  varying  amount  of  moisture  in  the  several  samples.  It  is, 
therefore,  always  advisable,  to  dry  the  finely  pulverised  sample  of  the  ore,  intended  for 
analysis,  at  from  212°  to  248°,  and,  on  the  other  hand,  to  determine  the  moisture  in  another, 
but  only  coarsely  pounded  sample,  by  drying  it  at  the  same  temperature,  and  noting  the  loss 
of  weight. 
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the  ore,  the  number  of  centigrammes  of  carbonic  acid  evolved  in  the 
process,  expresses  directly  the  percentage  amount  of  binoxide  contained  in 
the  analysed  manganese  ore.  Now,  as  the  amount  of  carbonic  acid 
evolved  from  0’99()33  grm.  of  manganese  would  be  rather  small  for  ac- 
curate  weighing,  it  is  advisable  to  take  a multiple  of  this  weight,  and  to 
divide  afterwards  the  number  of  centigrammes  of  carbonic  acid  evolved 
from  this  multiple  weight  by  the  same  numbers  by  which  the  unit  has 
been  multiplied.  The  multiple  which  answers  the  purpose  best  is  the 
triple,  = 2'97099,  or,  2'97  grammes. 

The  analytical  process  is  performed  in  the  apparatus  illustrated  in 
Fig.  96,  and  which  has  been  described  also  in  § 110. 

The  flask  a should  hold,  up  to  the 
neck,  about  100  or  120  c.  c>  ; b 
about  90  or  100  c.  c.  The  latter  is 
half  filled  witli  sulphuric  acid  ; the 
tube  a is  closed  at  b with  a small 
wax  stopper. 

Reduee  the  manganese  ore  to  a 
very  fine  powder,  which  is  effected 
best  by  trituration  in  an  agate  mor- 
tar ; introduce  2-97  grammes  of  the 
powder  into  a ; add  about  7'5  gram- 
mes of  neutral  oxalate  of  potassa* 
in  powder,  or  about  6 grammes  of 
neutral  oxalate  of  soda,  and  as  much 
water  as  will  fill  the  flask  to  about  FlS-  96‘ 

one-third.  Insert  the  cork  into  a,  and  place  the  apparatus  in  equilibrium 
upon  the  balance.  Make  some  sulphuric  acid  flow  from  b into  a,  by 
applying  suction  to  d,  by  means  of  a caoutchouc  tube.  The  evolu 
tion  of  carbonic  acid  commences  immediately  in  a steady  and  uniform 
manner.  When  the  evolution  begins  to  slacken,  drawover  a fresh  portion 
of  sulphuric  acid  into  a,  and  repeat  this  until  the  manganese  ore  is  com- 
pletely  decomposed,  which,  if  the  sample  has  been  very  fiuely  pulvcrised, 
requires  at  the  most  about  ten  minutes.  The  complete  decomposition 
of  the  analysed  ore  is  indicated,  on  the  one  band,  by  the  cessation  of 
the  disengagement  of  carbonic  acid,  and  its  non-renewal,  upon  the  influx 
of  a fresh  portion  of  sulphuric  acid  into  a ; and,  on  the  other  liand, 
by  the  total  disappearance  of  evcry  trace  of  black  powder  from  the  bottom 

of  A.f 

This  may  be  rcadily  produccd  by  saturating  the  common  oxalate  of  potassa  with  cnr- 
bonate  of  potassa,  and  evaporating  to  crystallisation. 

t If  the  manganese  ore  has  been  pulvcrised  in  an  iron  mortar,  a few  black  spots  (particles 
of  iron  from  the  mortar)  will  oftcn  remain  perceptible. 
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Now  draw  over  some  more  sulphuric  acid  from  b into  a,  that  the 
fluid  in  the  latter  may  become  hot,  which  will  expel  the  last  lingering 
traces  of  carbonic  acid  dissolved  in  a ; lift  the  small  wax  stopper  b, 
and  apply  a geutle  suction  to  d until  the  air  drawn  out  tastes  no  longer  of 
carbonic  acid.  Allow  the  apparatus  to  cool,  replace  it  upon  the  balance, 
andrestore  the  original  equilibrium.  Thenumber  of  centigramme  weiglits 
added,  divided  by  three,  expresses  the  percentage  amount  of  binoxide 
contained  in  the  analysed  ore. 

Some  ores  of  manganese  contain  carbonates  of  the  alkaline  earths  in 
admixture.  To  analyse  ores  of  this  description,  the  foregoing  process  is 
modified  as  follows  : Introduce  2’9 7 grammes  of  the  ore  into  a,  and  add  a 
suflicient  quantity  of  ratlier  dilute  sulphuric  acid,  to  fill  the  flask  to  about 
one-third ; allow  the  flask  to  stand  at  rest,  with  occasional  agitation,  until 
all  elfervescence  has  completely  ceased  ; apply  a gentle  heat  to  expel  the 
last  traces  of  carbonic  acid  from  the  fluid.  Introduce  about  3 grammes  of 
pounded  oxalic  acid  of  commerce  into  a small  glass  tube,  and  suspend 
this  by  a thread  in  a.  Weigh  the  apparatus,  and  let  the  little  tube  drop 
into  the  fluid  in  a,  which  will  at  once  induce  decomposition  of  the  man- 
ganese,  and  consequently  the  evolution  of  carbonic  acid.  Continue  and 
terminate  the  process  in  the  usual  way.  This  method  gives  most  accurate 
results. 

It  may  sometimes,  though  rarely,  be  interesting  to  know  the  quantity 
of  hydrochloric  acid  required  to  make  a manganese  ore  give  olf  its  avail- 
able  oxygen  as  chlorine.  For  information  on  the  way  of  accomplishing 
this,  I refer  the  reader  to  the  work  mentioned  page  465. 

B.  Bumsen' s Method. 

§ 196. 

Reduce  the  ore  to  the  very  finest  powder,  weigh  about  0'4  grm., 
introduce  this  into  the  small  flask  a,  illustrated  in  Fig.  44,  page  220,  and 
pour  pure  fuming  hydrochloric  acid  over  it ; conduct  the  process  exactlv 
as  in  the  analysis  of  ehromates  by  Bunsen's  method  (page  220).  Boil 
until  the  ore  is  completely  dissolved  and  all  the  chlorine  expelled,  which 
is  effected  in  a few  minutes.  Every  equivalent  of  iodine  separated  cor- 
responds  to  an  equivalent  of  chlorine  evolved,  and  accordingly  to  an 
equivalent  of  binoxide  of  manganese. 

In  my  own  laboratory  I have  made  some  alterations  in  Bunsen's  method, 
both  in  the  form  of  the  evolution  and  absorption  apparatus,  and  in  the 
mode  of  adding  the  sulphurous  acid. 

The  small  glass  bulb  which  serves  as  a vent  in  Bunsen's  apparatus  (Fig. 
44),  cannot  always  be  relied  upon  to  prevent  the  receding  of  the  fluid. 
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But  tliis  inconvenience  may  be  avoided  or  at  least  rendered  harmless,  by 
modifying  the  form  of  the  vessels,  as  shown  in  Fig.  97. 

a is  a pipette,  bent  at 
the  top,  and  drawn  out  at 
the  lower  end  into  a point 
bent  upwards.  When 
the  Operation  of  boiling 
is  terminated,  take  the 
caoutchouc  tube  c,  with 
the  left  hand,  and  hold- 
ing  the  spirit-lamp  with 
the  right  hand  under 

the  small  flask  d,  lift  FlS-  9 7. 

a so  far  out  of  the  retort  that  the  bent  point  is  in  the  bulb  b.  When 
this  is  accomplished  remove  the 
lamp,  after  this  the  small  flask, 
and  proceed  in  the  usual  way. 

The  addition  of  the  sulphurous 
acid  by  means  of  a common  pi- 
pette is  attended  with  unnecessary 
trouble  and  loss  of  time,  which  the 
Substitution  of  a small  measuring 
flask  tends  still  to  increase,  on 
account  of  the  indispensable  rins- 
ing. I have  therefore  constructed 
a special  apparatus  for  the  purpose, 
which  does  excellent  Service  in  my 
own  laboratory.  Fig.  98  illustrates 
this  apparatus. 

A is  a large  bottle  (holding  about 
10  litres).  Nearly  All  it  with 
water,  add  from  70  to  80  c.  c.  of 
a saturated  solution  of  sulphurous 
acid,  shake  the  mixture  vigorously, 
and  place  the  bottle  on  a raised 
firmly  fixed  stand.  Join  h to  f 
and  g , by  means  of  the  vulca- 
nised  india-rubber  tube  e,  and 
push  the  end  of  the  caoutchouc 
tube  which  projects  below  the 
compression  cock  a,  over  the  tube 
which  opens  into  c d,  and  the 
end  of  which  is  bent  sideways,  %• 
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by  which  arrangement  the  fluid  running  from  a is  made  to  flow 
quietly  down  the  side  of  cd.  g contains  small  lumps  of  phosphorus 
interspersed  between  pieces  of  asbestos  ; f contains  hydrate  of  potassa. 
The  tube  c d,  is  perpendicularly  attached,  by  means  of  two  iron 
rings  (omitted  in  the  cut),  or  in  some  other  way,  to  the  wall,  or  to 
an  appropriatc  stand,  at  from  10  to  12  centimeters  distance  from 
it,  and  witli  the  0 poiiit  on  a level  with  the  eye.  The  tube  c d, 

is  accurately  graduated,  proceeding  from  the  top  to  the  lower  end  ; 
the  graduation  is  made  in  accordance  with  the  System  a (see  page 
27) ; a division  into  volumes  of  50  c.  c.  each  suflices.  To  make 
this  graduation,  fill  the  tube  up  to  the  0 line  with  water,  and  let  50 
c.  c.  of  the  fluid  flow  out  through  the  compression  cock  b into  a tube 
graduated  in  accordance  with  the  System  e (see  page  27),  or  50  grammes 
at  4 C.  (39-2“  F.)  into  a tared  flask.  Mark  the  lieiglit  of  the  fluid  in  c d, 
with  the  diamond,  let  another  50  c.  c.  (or  50  grammes  at  39'2  F.)  flow 
into  the  tube  (or  flask),  mark  again  the  height  of  the  fluid  in  c d,  and 
repeat  the  same  Operation  until  the  tube  is  graduated  in  its  entire  length. 

The  manner  of  using  the  apparatus  is  self-evideut.  To  fill  c d,  the  stop- 
cock  a is  opened ; to  allow  a measured  quantity  of  the  sulpliurous  acid  to 
run  off,  the  stopcock  b.  The  fluid  running  from  b is  made  to  glide 
quietly  down  the  side  of  the  beaker.  To  determine  the  relative  proportion 
between  the  sulphurous  acid  and  the  solution  of  iodine,  the  best  manner  is 
to  allow  about  nine-tenths  of  the  necessary  quantity  of  solution  of  iodine 
to  flow  from  the  burette,  or  from  the  pipette  with  a compression  cock, 
into  a beaker,  to  add  100  c.  c.  of  the  sulphurous  acid,  mix  with  starch  paste, 
and  then  add  drop  by  drop  a further  quantity  of  solution  of  iodine  until 
the  mixture  begins  to  show  a blue  tint. 


C.  Method  of  determining  by  means  of  iron  the  amount  of  binoxide 
contained  in  manganese  ores. 

§ 197. 

Dissolve  from  0*5  to  0'6  grm.  of  pianoforte  wire  in  dilute  hydrocldoric 
acid,  as  directed  § 89,  2,  a.,  in  the  retort  of  the  apparatus  illustrated  in 
Fig.  97  (§  196),  turning  the  body  of  the  retort  downwards  and  the  neck 
upwards,  and  closing  the  mouth  with  a cork  with  an  open  glass  tube. 
Dilute  the  solution,  and  place  the  retort  in  the  position  in  which  it  appears 
in  Fig.  97. 

Heat  in  the  small  flask  d (Fig.  97)  from  0‘35  to  04  grm.  of  the  finely 
pulverised  manganese  ore  with  strong  hydrocldoric  acid,  exactly  as  directed 
in  § 196,  and,  when  the  apparatus  is  cold,  determine  by  means  of  a solu- 
tion of  permanganate  of  potassa  of  known  strength  (§  89),  the  quantity 
of  the  iron  which  still  remains  unoxidised.  By  deducting  this  from  the 
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weight  of  the  wire  employed  you  learn  the  quantity  of  iron  which  has  beeu 
oxidised  by  the  chlorine  evolved  with  the  aid  of  the  manganese.  That 
quantity  multiplied  by  0‘ 77804  gives  the  amount  of  biuoxide  contained  in 
the  analysed  ore. 

5.  Examination  of  THE  yellow  and  red  prussiate  of 

POTASSA  OF  COMMERCE. 

§ 198. 

The  yellow  prussiate  of  potassa  of  commerce  consists,  as  is  well  known, 
of  ferrocyanide  of  potassium  (2  K Cfy,  -f  3 aq)  mixed  with  smaller  or 
larger  quantities  of  other  salts  (carbonate  of  potassa,  sulphate  of  potassa, 
chloride  of  potassium)  ; the  red  salt  consists  of  ferricyanide  of  potassium 
(3  K,  2 Cfy),  which  may  contain  similar  impurities,  and  usually  contains 
also  some  ferrocyanide  of  potassium. 

To  find  a simple  method  of  accurately  determining  in  an  easy  and  expe- 
ditious  manner  the  amount  of  ferro-  and  ferricyanide  of  potassium  contained 
in  the  yellow  and  red  salts  of  commerce,  was  a great  desideratum  both 
for  the  estimation  of  the  commercial  value  of  these  salts  and  the 
examination  of  the  mother  liquor,  &c,,  obtained  in  the  process  of  their 
manufacture. 

I am  glad  to  have  it  in  my  power  to  give  a method  latcly  devised  by 
one  of  the  students  in  my  laboratory  (Mr.  M.  de  Haen),  which  answers 
the  purpose  admirably. 

This  method  is  based  upon  the  simple  fact  that  a solution  of  ferrocya- 
nide of  potassium  acidified  with  hydrochloric  acid  (and  in  which  the  pre- 
sence  of  free  hydroferrocyanic  acid  may  be  assumed),  is  upon  addition 
of  permanganate  of  potassa  converted  into  the  corresponding  ferricyanide. 
If  this  conversion  is  effected  in  a very  dilute  fluid,  coutaining  in  from 
200  to  300  c.  c.,  about  0’2  grm.  of  ferrocyanide  of  potassium,  the  termi- 
nation  of  the  reaction  is  clearly  and  unmistakably  indicated  by  the  change 
of  color  of  the  fluid  from  a pure  yellow  to  a reddish-yellow  tint.  The 
amount  of  the  ferricyanogen  is  determined  by  Converting  the  ferricyanide 
with  the  aid  of  a reducing  agent  into  the  corresponding  ferrocyanide,  and 
then  treating  the  latter  with  permanganate  of  potassa. 

The  method  demands  two  test  fluids  of  known  strength,  viz., 

1.  A solution  of  pure  ferrocyanide  of  potassium. 

2.  A solution  of  permanganate  of  potassa. 

The  formet  is  prepared  by  dissolving  20  grammes  of  perfectly  pure  and 
dry  crystallised  ferrocyanide  of  potassium  in  the  necessary  quantity  of  water 
to  give  1 litre  of  solution ; every  c.  c.  of  this  solution  therefore  contains 
20  milligrammes  of  ferrocyanide  of  potassium.  The  latter  is  diluted  to 
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the  extent  that  a somewhat  less  than  a burette  full  is  required  for  1 0 
c.  c.  of  the  solution  of  ferrocyanide  of  potassium.  Accordingly,  with  a 
burette  holding  50  c.  c.,  and  divided  into  ^ c.  e.,  the  solution  is  more 
largelv  diluted  than  when  a burette  is  used  holding  only  25  c.  c.  and  divided 
into  y1^  c.  c. 

To  determine  the  strength  of  the  permanganate  of  potassa  in  its  actio n 
upon  ferrocyanide  of  potassium,  measure  off,  by  means  of  a small  pipette, 
10  c.  c.  of  the  solution  of  ferrocyanide  of  potassium  (containing  0"200  grm.) 
dilute  with  about  250  c.  c.  of  water,  acidify  with  hydrochloric  acid,  place  the 
glass  on  a sheet  of  white  paper,  and  allow  the  solution  of  permanganate  of 
potassa  to  drop  into  the  fluid,  stirring  it  at  the  same  time,  until  the  change 
from  the  yellow  to  a reddish- yellow  color  indicates  that  the  conversion  is 
completed.*  Repetitions  of  the  experiment  give  always  very  accurately  cor- 
responding  results.  As  the  solution  of  permanganate  of  potassa  is  liable  to 
alteration,  its  strength  must  always  be  determined  before  every  new  series 
of  experiments.  To  determine  the  amount  of  ferrocyanide  of  potassium 
contained  in  any  given  sample  of  the  yellow  salt  of  commerce,  dissolve  5 
grammes  of  the  latter  in  the  necessary  quantity  of  water  to  give  250  c.  c. 
of  solution  ; take  10  c.  c.  of  this  solution,  and  examine  as  just  now  directed. 
Suppose  in  determining  the  strength  of  the  solution  of  permanganate  of 
potassa  in  its  action  upon  ferrocyanide  of  potassium,  you  have  used  80 
volumes  of  the  burette,  and  you  find  now  that  70  volumes  suffice,  the 
equation, 

80  : 0-200  : : 70  : x 

will  inform  you  how  much  pure  ferrocyanide  of  potassium  the  analysed  salt 
contains.  This  calculation  may  be  dispensed  with,  by  diluting  the  solu- 
tion of  permanganate  of  potassa  so  that  exactly  1 00°  of  it  correspond  to 
0’200  of  ferrocyanide  of  potassium,  as,  in  that  case,  tlienumber  of  volumes 
used  expresses  directly  the  percentage  amount  of  the  ferrocyanide  of 
potassium  present  in  the  analysed  salt. 

To  determine  the  amount  of  ferricyanide  of  potassium  in  a compound 
containing  no  ferrocyanide  of  potassium,  dissolve  5 grammes  of  the  com- 
pound in  the  necessary  quantity  of  water  to  give  250  c.  c.  of  solution  ; 
measure  off  10  c.  c.,  add  from  5 to  8 c.  c.  of  concentrated  solution 
of  potassa,  heat  in  a small  dish  nearly  to  boiling,  and  tlien  add  from 
0'4  to  0-5  grm.  of  finely  triturated  oxide  of  lead,  which,  being  partly 
converted  into  binoxide,  will  immediately  turn  browu.  After  a short  diges- 
tion  at  a temperature  near  the  boiling  point,  the  reduction  is  completed,  as 

* If  you  wish  for  some  additional  evidence  besides  the  change  of  color,  add  to  a drop  of 
the  mixture  on  a plate  a drop  of  solution  of  sesquichloride  of  iron  : if  this  fails  to  produce  a 
blue  tint,  the  conversion  is  acconiplished. 
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is  clearly  seen  from  the  changed  color  of  the  solution.)*  Dilute  now  the 
contents  of  the  dish  with  water,  filter,  wash,  dilute  to  about  250  c.  c.,  and 
acidify  with  hydrochloric  acid.  This  produces  a strong  white  turbidity 
caused  by  the  Separation  of  ferrocyanide  of  lead.  Disregarding  this, 
add  the  solution  of  permanganate  of  potassa. 

The  precipitate  dissolves  in  proportion  as  the  conversion  of  the  ferro- 
cyanide into  ferricyanide  ensues,  and  the  termination  of  the  reaction  is 
thus  distinctly  indicated,  not  only  hy  the  change  of  color,  hut  also  by  the 
perfect  clearness  of  the  fluid. f Of  various  methods  employed  to  reduce 
the  ferricyanide  of  potassiunq  none  were  so  accurate  as  this.  Repeated 
experiments  gave  perfectly  satisfactory  results.  The  only  thing  to  be 
observed  is  that  the  fluids  must  be  concentrated. 

Lastly,  to  analyse  a substance,  containing  both  ferro-  and  ferricyanide 
of  potassium,  prepare  the  solution  as  directed,  and  then  examine  one 
portion  of  10  c.  c.  at  once,  and  another  portion  of  10  c.  c.  after  previous 
reduction.  The  first  process  gives  simply  the  amount  of  ferrocyanide 
of  potassium  contained  in  the  analysed  salt,  the  second  gives  this  together 
with  the  quantity  of  ferrocyanide  formed  from  the  ferricyanide  originally 
present  in  the  analysed  salt. 

Now,  astwo  equivalents  of  crystallised  ferrocyanide  of  potassium  = 5281 
correspond  to  one  equivalent  of  ferricyanide  of  potassium  = 4117,  the  quan- 
tity of  the  latter  is  found  by  multiplying  by  0-7/95,  the  difference  between 
the  results  of  the  two  processes,  expressed  as  crystallised  ferrocyanide  of 
potassium.  The  reaction  on  which  this  method  is  based  ensues  in  the 
manner  shown  in  the  following  equation : 10  (Cfy,  2 H)  + Mn2  07-f2 
I1C1  = 5 (2  Cfy,  3 H)  + 2 Mn  CI  + 7 HO.  This  has  been  proved  by 
direct  experiments.  The  results  are  very  accurate. 


6.  Analysis  of  common  salt. 

§ 199. 

I select  this  example  to  show  how  to  analyse  with  accuracy  and  tolerable 
expedition,  salts  which,  with  a predominant  principal  ingredient,  contain 
small  quantities  of  other  substances. 

a.  Reduce  the  salt  by  trituration  to  a uniform  powder,  and  put  this 
into  a stoppered  bottle. 

* Actual  ebullition,  more  especially  continued  for  any  length  of  time,  should  be  avoided,  as 
it  tends  to  cause  the  solution  of  a large  proportion  of  oxide  of  lead,  which  would  in  some 
measure  interfere  with  the  ulterior  process. 

f As  ferrocyanide  of  lead  in  not  altogether  insoluble,  but  simply  difficultly  soluble  in  a 
hydrochloric  acid  fluid,  the  fluid  first  becomes  clear,  and  then  only  after  addition  of  a few 
more  drops,  x-eddish-yellow.  It  is  the  latter  point  which  must  be  attained  before  the  reaction 
can  be  considercd  complete. 
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b.  Weigli  10  grammes  of  the  powder,  and  dissolve  in  a beaker  by 
digestion  witk  water ; filter  tlie  solution  into  a measuring  flask  liolding 
500  c.  c.,  and  tliorougkly  wash  tlie  small  residue  wliich  generally  re- 
maius.  Finally  fill  tbe  flask  with  water  up  to  the  mark,  and  sbake  the 
fluid. 

(If  small,  solid,  white  graius  of  sulphate  of  lime  are  left  behind  upon 
dissolving  the  salt,  reduce  them  to  powder  in  a mortar,  add  water,  let 
the  mixture  digest  for  some  time,  pass  the  clear  supernatant  fluid  through 
a filter,  triturate  the  undissolved  residue  again,  add  water,  &c.,  and  repeat 
the  Operation  until  all  is  dissolved.) 

c.  Determine  the  dried  insoluble  residue  as  directed  § 35. 

d.  Of  the  solution  b.  measure  off  one  after  anotlier  the  following  quanti- 
ties  : — 

For  e.  50  c.  c.  corresponding  to  1 gramme  of  common  salt. 

,,  f.  150  c.  c.  „ ,,  3 grammes  ,,  ,, 

,,  g.  150  c.  c.  ,,  ,,  3 ,,  ,,  ,, 

,,  h.  o0  c.  c*  ,,  ,,  1 ,,  ,,  }) 

e.  Determine  in  the  50  c.  c.  measured  off,  the  chlorine  as  directed  § 1 1 2, 
I.  a.  or  c.  (a.  or  ß.). 

f.  Determine  in  the  150  c.  c.  measured  off,  tli esulpkuric  acid  as  directed 
§ 105,  I.  1. 

g.  Determine  in  the  150  c.  c.  measured  off,  the  lime  and  magnesia  as 
directed  § 122,  3,  a. 

h.  Mix  in  a platinum  dish  with  about  ^ c.  c.  of  pure  concentrated  sul- 
phuric  acid,  and  proceed  as  directed  § 77,  1.  The  neutral  residue  contains 
the  sulphates  of  soda,  lime,  and  magnesia.  By  deducting  from  tliis  the 
quantity  of  the  two  latter  substances  as  resulting  from  g,  you  find  that  of 
the  sulphate  of  soda. 

i.  Determine  in  anotlier  weighed  portion  of  the  salt  the  water,  as  directed 
§ 18,  a.  (last  paragrapli). 

k.  Bromine  and  other  bodies,  of  which  only  very  minute  traces  are  found 
in  common  salt,  are  determined  by  the  methods  described  in  the  analysis 
of  mineral  waters. 


7.  Analysis  of  gunpowder. 

§ 200. 

a.  Estimation  of  the  moisture. — Weigh  between  watch-glasses  about 
2 grammes  of  the  finely  pulverised  gunpowder,  and  dry  it,  either  at  a 
gentle  heat,  or,  better  still,  under  a bell-glass,  over  sulphuric  acid,  until 
no  further  diminution  of  weiglit  is  observed. 

b.  Determination  of  the  nitrate  of  potassa.  Tut  an  accurately  weighed 
quantity  (about  from  5 to  fi  grammes)  on  a filter  dried  at  212",  but 
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moistened  again  with  water  before  the  powder  is  placed  on  lt ; add  to 
the  powder  on  tbe  filter  as  much  water  as  it  will  absorb,  and  after  some 
time  repeatedly  pour  small  quantities  of  bot  water  upon  it  uutil  the  nitrate 
of  potassa  is  completely  dissolved.*  When  this  is  effected,  dry  the  Con- 
tents of  the  filter  completely  at  212°,  and  weigh  (§  33).  On  the 
other  hand,  evaporate  the  solution  of  the  nitrate  of  potassa  in  a weighed 
platinum  dish  and  determine  the  residue  as  directed  § 7 G,  2.  The  dimi- 
nution  of  weight  of  the  gunpowder  and  the  increase  of  weight  of  the 
dish  must  exactly  correspond,  as  both  express  the  quantity  of  the  nitrate 
of  potassa. 

c.  Determination  of  the  sulphur. 

a.  In  the  dry  way  ( Gay-Lussac ). 

Mix  one  part  (from  1 to  1*5  grm.)  of  the  powder  finely  triturated  with 
the  same  quantity  of  pure  anhydrous  carbonate  of  soda  (free  from  sul- 
pliuric  acid),  add  one  part  of  pure  nitrate  of  potassa,  and  four  parts  of 
pure  dry  Chloride  of  sodium,  and  heat  the  mixture  in  a platinum  crucible, 
until  the  combustion  is  completed,  which  is  indicated  by  the  white  color 
of  the  mass.  Dissolve  in  water,  acidify  the  solution  with  hydrochloric 
acid,  and  precipitate  with  chloride  of  barium  the  sulpliuric  acid  formed 
by  the  oxidation  of  the  sulphur  (§  105,  I.). 

ß.  In  the  humid  way. 

From  2 to  3 grammes  of  the  powder  are  oxidised  with  concentrated 
pure  nitric  acid  and  chlorate  of  potassa,  which  latter  is  added  in  small 
portions  at  a time  (§  116,  II.  2,  a.  a.).  By  this  process  both  the  sul- 
phur and  the  charcoal  are  completely  oxidised,  and  a clear  solution  is 
ultimately  obtained,  in  which  the  sulphuric  acid  formed  is  then  deter- 
mined,  as  directed  § 105,  I.  1. 

y.  In  the  indirect  way. 

Deduct  the  weight  of  the  charcoal,  determined  as  directed  d.  a.,  from 
the  joint  weight  of  the  charcoal  and  sulphur;  the  difference  expresses 
the  weight  of  the  latter. 

d.  Determination  of  the  charcoal. 

a.  By  Separation  in  the  pure  state. 

aa.  Digest  a weighed  portion  of  the  powder  repeatedly  with  sulphide  of 
ammonium,  until  all  the  sulphur  is  dissolved,  and  collect  the  charcoal  on 
a filter  dried  at  212°;  wash,  first  with  water  containing  sulphide  of 
ammonium,  then  with  pure  water,  dry  at  212°,  and  weigh. 

* The  nitrate  of  potassa  may  also  be  estimated  in  an  expeditious  manner,  and  'with  suffi- 
cient  accuracy  for  technical  purposes  by  means  of  an  hydrometer  indicating  the  pcrcentage 
weight  of  the  nitrate  of  potassa,  if  a weighed  quantity  of  the  gunpowder  is  dissolved  in  a 
definite  amount  of  water.  A method  based  upon  the  same  principle  by  Uchatius  is  given  in 
the  Wiener  acad.  13er.  X.  748,  and  also  Ann.  d.  Chem.  und  Pharm.  88,  395. 
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bb.  Replace  the  weighed  filter  containing  the  charcoal  and  sulphur 
(see  b.)  in  the  funnel,  moisten  it  with  absolute  alcohol,  and  dissolve  the 
sulphur  with  a mixture  of  sulphide  of  carbon  and  absolute  alcohol.  To 
accelerate  the  action,  heat  the  funnel,  by  putting  it  into  a wider  one  and 
filling  the  space  hetween  with  hot  water.  Wash  ultimately  with  pure 
alcohol,  dry  the  charcoal  at  212°,  and  weigh  ( Marchand ). 

ß.  By  elementary  analysis  of  the  gunpowder  ( Weltzien ). 

Weltzien  hurns  a weighed  portion  of  the  well-dried  powder  with  oxide  of 
copper  in  a long  combustion  tube,  and  thus  ascertains  the  respective  quau- 
tities  of  carbon  and  hydrogen  contained  in  it.  The  knowledge  of  the 
quantity  present  of  the  latter  element  is  of  importance  in  this  much,  that 
it  enables  the  analyst  to  draw  a correct  inference  respecting  the  nature 
and  inflammability  of  the  charcoal.  In  the  process  of  combustion  the 
modifications  given  in  §§  151,  156,  and  159,  must  be  attended  to. 

If  the  carbon  and  hydrogen  are  determined  by  this  method,  the  nitrate 
of  potassa  by  b.,  and  the  sulphur  from  the  difference,  the  number  found 
for  the  latter  element  is  a little  too  high,  as  the  oxygen  and  the  aslies  of 
the  charcoal  increase  its  weight. 

8.  Analysis  of  mixed  silicates. 

§ 201. 

The  analysis  of  those  silicates  which  are  completely  decomposed  by 
acids,  has  been  described  in  § 111,  II.  a. ; and  that  of  those  which  are 
not  decomposed  by  acids,  in  § 111,  II.  b.  I have  therefore  here  only  to 
add  a few  remarks  respecting  the  examination  of  mixed  silicates,  i.  e.  of 
such  as  are  composed  of  silicates  of  the  two  classes  (phonolites,  clay 
slate,  basalts,  meteoric  stones,  &c.). 

The  silicate  is  very  finely  pulverised  and  dried  ; the  dry  powder  is 
usually  treated  for  some  time  at  a gentle  heat  with  moderately  con- 
centrated  hydrochloric  acid,  and  the  mixture  evaporated  to  dryness  on 
the  water-bath ; the  residue  is  moistened  with  hydrochloric  acid,  water 
added,  and  the  solution  filtered ; it  is  often  preferable,  however,  to  digest 
the  powder  with  dilute  hydrochloric  acid  (of  about  1 5 per  cent)  for  some 
days  at  a gentle  heat,  and  then  at  once  filter  the  solution.  Which  of  the 
two  ways  it  is  advisable  to  adopt,  and  indeed  whether  the  method  here 
described,  and  which  was  first  employed  by  Chr.  Gmelin  in  the  analysis  of 
phonolites,  may  be  resorted  to  at  all,  depends  upon  the  nature  of  the 
mixed  minerals.  The  more  readily  decomposable  the  one  of  the  consti- 
tuent  parts  of  the  mixture  is,  and  the  less  readily  decomposable  the  other  ; 
the  more  constant  the  relative  proportion  between  the  undissolved  and  the 
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dissolved  part  is  found  to  remain  in  different  experiments  ; and  accordingly 
the  less  the  undissolved  part  is  affected  by  further  treatment  with  hydro- 
chloric  acid,  the  more  safely  may  this  method  of  decomposition  be  re- 
sorted  to. 

The  process  gives  : 

a.  An  hydrochloric  acid  solution,  in  which  the  bases  of  the  decomposed 
silicate  are  contained  in  the  form  of  metallic  Chlorides,  which  are  separated 
and  determined  by  the  proper  methods. 

b.  An  insoluble  residue,  which  contains,  besides  the  undecomposed 
silicate,  also  the  silicic  acid  of  the  decomposed  silicate. 

Wash  the  residue  b.  well  with  water,  to  which  it  is  advisable  to  add  a 
few  drops  of  hydrochloric  acid,  and  while  still  moist,  transfer  it  in  small 
portions  at  a time  to  a platinum  dish  containing  a boiling  solution  of  car- 
bouate  of  soda  (free  from  silicic  acid)  ; boil  for  some  time,  and  filter  off 
each  portion  whilst  still  very  hot  through  a weighed  filter.  Finally  rinse 
the  last  particles  of  the  residue  which  still  adhere  to  the  filter  completely 
into  the  dish,  and  proceed  as  before.  Should  this  Operation  not  fully  succeed, 
dry  the  filter,  incinerate  it,  transfer  the  ash  to  the  platinum  dish,  and  boil 
once  more  with  the  solution  of  carbonate  of  soda.  Wash  the  residue, 
first  with  hot  water,  then — to  ensure  the  removal  of  every  trace  of  car- 
bonate of  soda  which  may  still  adhere  to  it — with  water  slightly  acidified 
with  hydrochloric  acid,  and  ultimately  again  with  pure  water.  Collect 
the  washings  in  separate  vessels. 

Acidify  the  alkaline  fil träte  with  hydrochloric  acid,  and  determine  in  it  the 
silicic  acid  proceeding  from  the  silicate  decomposed  by  the  hydrochloric 
acid  in  the  first  process,  as  directed  § 111,  II.  a.  Dry  the  undissolved 
silicate  and  weigh.  The  difference  gives  the  quantitv  of  the  dissolved 
silicate.  Treat  the  undissolved  silicate  exactly  as  directed  § 111,  II.  b. 

The  following  method  of  analysing  the  several  varieties  of  clay,  differ  in 
some  respects  from  the  preceding  method. 


9.  Analysis  of  clays. 

§ 202. 

The  several  varieties  of  clay,  derived  from  the  disintegration  of 
felspar,  or  similar  silicates,  consist  commonly  of  a mixture  of  true  clay 
with  quartz  or  felspar  sand,  and  contain  often  also  free  silicic  acid,  which 
may  be  dissolved  out  by  boiling  with  a solution  of  carbonate  of  soda. 

Respecting  the  mechanical  analysis  of  the  several  varieties  of  clay,  I 
refer  the  reader  to  my  “ Untersuchung  der  wichtigsten  nassauischen 
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Thone * and  proceed  here  at  ouce  to  give  the  method  which  it  is  ad- 
visable  to  adopt  in  the  Chemical  analysis  of  these  bodies. 

a.  Triturate  the  clay  as  finely  as  possible,  and  dry  it  for  some  days  at 
212°. 

b.  Fuse  from  1 to  2 grammes  with  carbonate  of  soda  and  potassa,  and 
proceed  exactly  as  directed  § 111,  II.  b.  Treat  the  hydrochloric  acid 
solution  obtained,  and  filtered  from  the  silicic  acid,  as  directed  § 129, 
1 . In  the  precipitate  produced  by  carbonate  of  baryta,  and  which  contains 
alumina  and  some  sesquioxide  of  iron,  separate  and  determine  these  two 
latter  substances,  after  previous  removal  of  the  baryta,  according  to  the 
directions  given  § 128,  10,  a. 

c.  Decompose  from  1 to  2 grammes  with  hydrofluoric  acid  (§  111,  II. 
b.  ß.  or  y.),  to  ascertain  the  amount  of  alkali  contained  in  the  clay. 

d.  Heat  a third  portion  (from  1 to  2 grammes)  with  an  excess  of  sul- 
phuric  acid  mixed  with  some  water,  until  the  acid  begins  to  evaporate. 
Let  the  mass  cool,  add  water,  and  separate  in  the  undissolved  residue  the 
liberated  silicic  acid  from  the  sand,  by  treating  with  boiling  concentrated 
solution  of  carbonate  of  soda  (§  201). 

e.  To  ascertain  the  amount  of  silicic  acid  which  a boiling  solution  of 
carbonate  of  soda  will  remove  from  the  clay,  boil  a somewhat  larger  weighed 
portion  of  the  clay  repeatedly  with  a solution  of  carbonate  of  soda,  and 
determine  the  silicic  acid  in  the  filtrate,  by  evaporation  with  hydrochloric 
acid. 

f.  Determine  the  quantity  of  the  water  by  long*contiuued  ignition  in  a pla- 
tinum  crucible.  The  loss  of  weight  indicates  the  quantity  of  the  water ; but 
the  results  in  this  respect  are  usually  a little  too  high,  as  many  varieties  of 
clay  contain  traces  of  organic  matter,  which  are  decomposed  upon  ignition, 
and  many  of  them  evolve  also  small  quantities  of  chloride  of  ammonium, 
when  lieated  to  redness  (compare  “ Untersuchung  der  wichtigsten  nassau- 
ischen  Thone.”  Journal  f.  prakt.  Chemie,  57,  65). 

10.  Analysis  of  limestones,  Dolomites,  marls,  etc. 

As  the  minerals  containing  carbonate  of  lime  and  carbonate  of  magnesia 
play  a very  important  part  in  manufactures  and  agriculture,  the  chemist 
is  frequently  called  upon  to  analyse  them.  The  analysis  of  these  bodies 
presents  no  very  great  difficulties.  I will  here  give,  in  the  first  place,  a 
method  to  effect  the  complete  analysis  of  limestones,  dolomites,  &c. ; and, 
in  the  second  place,  a method  of  analysis  by  measure,  by  which  the  car- 
bonate of  lime  (and  the  carbonate  of  magnesia)  mav  be  expeditiously  de- 
termined. 


* Joum.  f.  prakt.  Chemie,  57,  65. 
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A.  MeTHOD  OF  EFFECTING  THE  COMPLETE  ANALYSIS  OF  LIMESTONES, 

DOLOMITE,  ETC.* 

§ 203. 

a.  Reduce  a large  piece  of  the  mineral  to  powder,  mix  this  uniforndy, 
and  dry  at  212°. 

b.  Treat  about  2 grammes  of  the  powder,  in  a covered  beaker,  with 
dilute  bydrochloric  acid  in  excess,  evaporate  the  mixture  to  dryness, 
moisten  the  residue  with  hydrochloric  acid,  heat  with  water,  filter,  wash 
the  insoluble  residue,  dry,  and  weigh.  The  residue  may  consist  of  clay, 
sand,  and  separated  silicic  acid.  If  sufficiently  considerable,  examine  it  as 
directed  § 202. 

c.  Mix  the  hydrochloric  acid  solution  with  chlorine  water,  then  with 
ammonia,  and  let  the  mixture  stand  at  rest  for  some  time,  in  a covered 
vessel,  at  a gentle  heat.  Filter  the  precipitate,  which  contains — besides 
sescpiioxide  of  iron,  sesquioxide  of  manganese,  and  hydrate  of  alumina — 
the  phosplioric  acid  which  the  analysed  compound  may  happen  to  contain, 
and,  moreover,  invariably  traces  of  lime  and  magnesia,  wash  slightly,  and 
redissolve  in  hydrochloric  acid ; heat  the  solution,  add  chlorine  water,  and 
then  precipitate  again  with  ammonia ; filter  the  fluid  from  the  precipitate, 
wash,  drv,  ignite,  and  weigh.  According  to  circumstances,  you  may  now 
also  determine  the  respective  quantities  of  the  several  ingredients  of  the 
precipitate,  which  may  be  accomplished,  as  regards  the  sesquioxide  of  iron 
and  the  protosesquioxide  of  manganese,  by  analysis  by  mcasure  (§  128, 
10). 

d.  Unite  the  fluids  filtered  from  the  first  and  second  precipitates  pro- 
duced  by  ammonia,  nearly  neutralise  with  hydrochloric  acid,  leaving  the 
ammonia  predominating  only  very  slightly,  and  determine  the  lime  and 
magnesia  as  directed  § 122,  3,  a.  After  weighing  the  lime,  test  it  inva- 
riably for  an  admixture  of  magnesia. 

e.  Determine  the  carbonic  acid  according  to  the  directions  of  § 1 10,  II. 
b.  a.  or  ß.  bb. 

13.  Determination  of  the  carbonate  of  lime  (and  carbonate 

OF  MAGNESIA)  BY  ANALYSIS  BY  MEASURE. 

§ 204. 

a.  Requisites  for  the  process. 

1.  Hydrochloric  acid,  of  which  50  c.  c.  = 100°  of  the  burette  neutralise 
5 grammes  of  carbonate  of  lime.  This  test  acid  is  prepared  exactly  in  the 
manner  described  § 185,  with  the  aid  of  pure  carbonate  of  soda,  of  which 
latter  salt  50  c.  c.  of  the  acid  must  accordingly  neutralise  5‘3  grammes, 
i . e.  the  quantitv  equivalent  to  5 grammes  of  carbonate  of  lime. 

* Compare  Fresenius ’ “ Chemische  Untersuchung  der  wichtigsten  Kalksteine  des  Her- 
zogthums  Nassau.”  Journal  f.  prakt.  Chemie,  54,  85,  and  374. 
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2.  Solution  of  soda,  of  which  two  volumes  neutralise  one  volume  of  the 
hydrochloric  acid  (1).  For  the  manner  of  preparing  the  solution  of  soda, 
I refer  to  § 182. 

b.  Analytical  process. 

a.  In  total,  or  almost  total,  absence  of  carbonate  of  magnesia. 

Weigh  5 grammes  of  the  finely  pulverised  mineral,  introduce  into  a 
capacious  flask,  add  about  50  c.  c.  of  water,  and  then  gradually,  from  a 
Mohrs  pipette,  50  c.  c.  of  the  hydrochloric  acid  ( a . 1.) . In  the  analysis  of 
very  pure  limestones  it  is  hetter  to  add  105  c.  c.  in  Order  to  accelerate  the 
solution.  When  the  action  of  the  acid  has  ceased,  close  the  flask  with  a 
cork  with  a bent  tube,  and  apply  a gentle  heat  to  expel  the  dissolved 
carbonic  acid  ; conduct  the  gas  bubbles  through  a little  water.  When  the 
object  has  been  attained,  remove  the  lamp,  allow  the  water  to  recede, 
mix  the  fluid  with  some  tincture  of  litmus,  and  add  the  solution  of  soda 
(a.  2),  from  another  Mohr's  pipette  or  from  a burette,  until  the  fluid 
just  begins  to  sliow  a blue  tint.  If  you  subtract  half  of  the  number  of 
volumes  of  the  burette  used  of  the  solution  of  soda  from  the  number  of 
volumes  of  the  burette  used  of  the  hydrochloric  acid,  the  difference  (i.  e. 
the  number  of  volumes  of  the  burette  of  the  hydrochloric  acid  which 
have  served  to  neutralise  the  carbonate  of  lime)  expresses  directly  the 
percentage  of  carbonate  of  lime  in  the  analysed  mineral.  The  results 
are  very  satisfactory.  This  method,  in  a somewhat  modified  form,  was  first 
employed  and  recommended  by  Bineau. 
ß.  In  presence  of  carbonate  of  magnesia. 

As  one  equivalent  of  carbonate  of  magnesia  neutralises  exactly  as  much 
hydrochloric  acid  as  one  equivalent  of  carbonate  of  lime,  the  method 
described  in  a.,  gives,  in  analyses  of  minerals  containing  botli  carbonate  of 
lime  and  carbonate  of  magnesia,  the  joint  quautity  of  both  salts  ; the  latter 
represented  by  its  equivalent  of  carbonate  of  lime,  i.  e.  for  every  42  of  car- 
bonate of  magnesia  we  find  50  of  carbonate  of  lime.  If,  therefore,  you 
wish  to  know  separately  the  respective  quantities  of  the  twro  salts,  you  must 
determine,  besides  the  joint  amount  of  the  two,  the  separate  amount  of 
one  of  them.  This  may  be  effected  by  one  of  the  following  methods  : 

1.  Mix  the  solution  of  5 grammes  of  the  mineral  with  3 grammes  of 
Chloride  of  ammonium,  then  with  ammonia  and  carbonate  of  ammonia  in 
excess  ; let  the  mixture  stand  several  hours,  and  then  Alter,  leaving  the 
carbonate  of  lime  adhering  to  the  sides  of  the  vessel  undisturbed.  Wash 
the  precipitate  on  the  Alter,  and  rinse  the  contents  of  the  latter  into  the 
beaker  in  which  the  precipitation  has  been  effected  ; incinerate  the  Alter, 
jntroduce  the  ashes  also  into  the  beaker,  and  treat  the  contents  of  the 
latter  as  directed  in  a.  This  gives  you  separate  quantity  of  the  lime ; the 
difference,  properly  calculated,  as  carbonate  of  magnesia  (50  of  carbonate 
oflime  = 42  of  carbonate  of  magnesia,  represents  the  quantity  of  the  latter). 
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2.  Dissolve  5 grammes  of  the  mineral  in  the  least  possible  excess  of 
hydrochloric  acid,  and  mix  with  solution  of  lime  in  sugar  water  as  long 
as  a precipitate  forms.  By  tliis  Operation  the  magnesia  only  is  precipi- 
tated.  Filter  the  fluid  from  the  precipitate,  wash  the  latter,  and  treat 
as  directed  in  a.  By  tliis  means  you  ascertain  the  quantity  of  the  mag- 
nesia, represented  by  its  equivalent  quantity  of  carbonate  of  lime  ; the 
amount  of  the  latter  is  found  from  the  differenee. 

The  method  2 is  adapted  only  for  the  analysis  of  limestones,  &c.,  con- 
taining  only  a small  proportion  of  magnesia. 


11.  Analysis  of  iron  ores. 

The  iron  ores  most  commonly  employed,  and  which  the  cliemist  is 
therefore  most  frequently  called  upon  to  examine,  are,  red  hematite, 
brown  hematite,  bog  iron,  magnetic  iron,  and  spathic  iron  ores.  In 
some  cases,  a complete  analysis  of  tliese  ores  is  required ; in  others, 
simply  a quantitative  estimation  of  certain  of  its  constituent  parts  (the  iron, 
phosphoric  acid,  sulphuric  acid,  &c.) ; in  others,  merely  the  determination 
of  the  iron. 


A.  MeTHODS  OF  EFFECTING  THE  COMPLETE  ANALYSIS  OF  THE  ORES. 

§ 205. 

I.  Red  hematite. 

This  ore  contains  the  iron  as  sesquioxide ; besides  tliis,  some  moisture 
is  always  present,  and  commonly  also  an  admixture  (insoluble  in  acids)  of 
the  matrix  in  which  the  ore  occurs ; sometimes  carbonates  of  the  alkaline 
earths  are  also  found  associated  with  it. 

Reduce  the  ore  to  a very  fine  powder,  and  dry  at  2 1 2°. 

a.  Treat  the  powder  with  dilute  nitric  acid  or  dilute  boiling  acetic  acid, 
to  remove  the  admixture  of  carbonates  of  the  alkaline  earths  which  the 
ore  may  contain.  Determine  these  (if  any  are  present)  in  the  solution 
obtained. 

b.  Ignite  a sample  of  the  powder,  free  from  admixture  of  carbonates  of 
the  alkaline  earths,  first  in  the  air,  then  in  hydrogen  gas  (which  is  effected 
best  in  a small  porcelain  boat  inserted  in  a porcelain  tube  ; § 128,  3).  The 
loss  of  weight  expresses  the  quantity  of  oxygen  in  the  sesquioxide,  from 
which  the  amount  of  the  latter  may  be  calculated. 

c.  Treat  the  residue  with  dilute  hydrochloric  acid.  The  iron  dissolves, 
the  admixture  from  the  matrix  is  left.  Determine  the  iron  in  the  solution  at 
once  and  without  filtering  the  fluid,  by  analysis  by  measure ; then  filter, 
wash  the  residuary  mineral,  dry,  and  weigh.  The  quantity  of  iron  found 
in  c.  must  correspond  to  tliat  calculated  from  the  oxygen  expelled  by  the 
process  b. 
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d.  The  water  may  be  determined  by  igniting  a separate  portion  of  the 
powder.  If  the  ore  contains  carbonates  of  the  alkaline  eartbs,  the  carbonic 
acid  of  tlie  latter  escapes  with  the  water. 

II.  Brown  hematite. 

Tbis  ore  contains  the  iron  as  hydrated  sesquioxide,  and  besides,  alumina 
and  sesquioxide  of  manganese ; often  also  small  quantities  of  lime  and 
magnesia,  and  of  silicic  acid  (in  combination  with  bases),  phosplioric  acid, 
and  sulpburic  acid,  and  always  a larger  or  smaller  admixture  of  quartz 
sand  or  of  tlie  matrix  in  wliicb  the  ore  occurs  ; and  wliich  admixture  is  in- 
soluble  in  bydrocbloric  acid. 

A complete  and  accurate  analysis  of  tbis  ore  presents  some  difficulties. 
One  of  tlie  following  metbods  may  be  selected.  The  preliminary  opera- 
tions  indispensable  in  all  of  them  are  the  reduction  of  the  ore  to  a fine 
powder,  wliich  is  dried  at  212°,  and  the  ignition  of  a sample,  to  ascertain 
the  amount  of  water. 

a.  Decomposition  in  the  dry  way.  (This  method  is  more  particularly 
recommended  for  the  analysis  of  ores  containing  only  small  quantities  of 
silicic  acid,  alumina,  lime,  and  magnesia.) 

Fuse  a weighed  portion  of  the  powder  with  three  times  its  weiglit  of 
carbonate  of  soda  and  potassa,  and  digest  the  fused  mass  with  water  until 
the  soluble  parts  are  dissolved  ; filter  the  solution  from  the  residue,  and 
well  wasli  the  latter. 

aa.  Acidify  the  filtrate  with  hydrochloric  acid  and  separate  the  silicic 
acid  in  the  usual  way.  Add  to  the  filtrate  a few  drops  of  chloride  of 
barium,  let  it  stand  for  twenty-four  hours,  and  then  filter  off  the  precipi- 
tate  of  sulphate  of  baryta  wliich  may  have  formed.  Remove  the  baryta 
from  the  filtrate  by  means  of  a few  drops  of  dilute  sulphuric  acid,  and 
then  precipitate  the  pliosphoric  acid  as  directed  § 106,  I.  b. 

bb.  Dissolve  the  residue  in  hydrochloric  acid,  and  treat  the  solution  as 
directed  § 129. 

b.  Decomposition  in  the  humid  way. 

First  method.* 

Heat  about  ten  grammes  of  the  finely  pulverised  mineral,  in  an  ob- 
liquely  placed  flask,  with  concentrated  hydrochloric  acid  until  complete 
decomposition  is  effected ; dilute  with  water,  filter  into  a measuring  flask 
liolding  300  c.  c.,  and  wash  ; dry,  ignite,  and  weigh  the  undissolved 
residue  ; it  consists  of  quartzsand  or  some  other  substance,  from  the  matrix 
in  which  the  ore  occurs,  and  of  liberated  silicic  acid.  The  latter  may  be 
separated  and  determined,  by  boiling  the  residue  with  a solution  of  car- 
bonate of  soda  (§  201,  b.). 

* No  attention  is  paid  in  this  method  to  the  possible  presence  of  copper  or  arsenic. 
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The  filtrate  is  treated  as  follows  : 

1.  Mix  50  c.  c.  of  the  filtrate  with  chloride  of  barium,  to  determine  the 
sulphuric  acid. 

2.  Evaporate  50  c.  c.  on  the  water-bath,  to  expel  the  greater  part  of 
the  free  acid  ; dilute  the  fluid,  add  some  carbonate  of  soda,  and  precipitate 
with  carbonate  of  baryta  ; let  the  precipitated  fluid  stand  for  half  an  hour, 
and  then  Alter. 

a a.  Dissolve  the  washed  precipitate  in  hydrochloric  acid ; throw 
down  the  baryta  from  the  solution,  by  sulphuric  acid ; Alter,  and  mix 
the  Altrate  with  ammonia  until  it  manifests  alkaline  reaction,  and  then 
Alter  the  Auid  from  the  precipitate  ; wash,  dry,  ignite,  and  weigli  the 
latter.  It  consists  of  sesquioxide  of  iron,  alumina,  some  silicic  acid 
and  phosphoric  acid.  Digest  with  concentrated  hydrochloric  acid,  and 
separate  and  determine  the  small  quantity  of  silicic  acid  dissolved  by  that 
Auid ; reduce  the  Altrate  with  sulphite  of  soda,  and  determine  the  iron, 
alumina,  and  phosphoric  acid,  as  directed  § 128,  B.  1.  Acidify  the  alka- 
line ültrate,  boil  with  some  chlorate  of  potassa,  and  then  separate  the 
alumina  and  phosphoric  acid  by  one  of  the  methods  given  in  § 106,  II./. 
The  joint  weight  of  the  component  parts,  as  calculated  from  the  results  of 
these  several  processes,  must  be  equal  to  the  total  weight  of  the  precipi- 
tate produced  by  ammonia. 

bb.  In  the  filtrate  determine  the  manganese  and  the  alkaline  earths  as 
directed  § 129. 

3.  In  1 00  c.  c.  determine,  by  way  of  control,  the  phosphoric  acid  as 
directed  § 106,  II.  o.  (This  gives  very  accurate  results.) 

4.  In  50  c.  c.  determine  by  way  of  control,  the  iron  by  analysis  by 
measure,  in  the  manner  directed  § 206. 

Second  method. 

1.  Decompose  from  3 to  4 grammes  of  the  powder  with  hydrochloric 
acid,  and  treat  the  insoluble  residue  by  the  Arst  method. 

2.  Evaporate  the  hydrochloric  acid  solution  to  dryness,  and  separate 
the  silicic  acid  in  the  usual  way  (§  111,  II.  «.). 

3.  Reduce  the  Altrate  with  sulphite  of  soda  (§  106,  II.  «.),  expel  the 
excess  of  sulphurous  acid  by  gentle  ebullition,  and  saturate  the  Auid 
with  sulphuretted  hydrogen.  If  this  produces  a precipitate,  test  the  lat- 
ter for  copper  and  arsenic. 

4.  Boil  the  Altrate  until  the  sulphuretted  hydrogen  is  expelled  ; precipi- 
tate now  with  carbonate  of  soda,  add  solution  of  potassa  in  excess,  boil, 
and  Alter,  exactly  as  directed  § 128,  B.  1,  a.  By  this  process  you  obtain 
a black  precipitate  and  an  alkaline  Altrate. 

5.  Dissolve  the  precipitate,  which  consists  principally  of  protosesqui- 
oxide  of  iron,  and  may  contain  carbonate  of  manganese  and  carbonate 
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and  phosphate  of  lime  and  magnesia,  in  hydrocldoric  acid,  and  separate 
the  pliosphoric  acid,  according  to  the  directions  of  § IOC  II.  n.,  in 
combination  with  a small  quantity  of  sesquioxide  of  iron  ; filter,  and 
separate  the  pliosphoric  acid  and  sesquioxide  of  iron,  as  directed  § 106, 
II.  h.  y.  Dissolve  the  protosesquioxide  of  iron  so  obtained  in  hydro- 
chloric  acid,  and  add  the  solution  to  the  fluid  filtered  fromi  the  phosphate 
of  sesquioxide  of  iron.  Acidify  the  solution  of  the  alkaline  phosphate 
with  hydrocldoric  acid,  and  put  aside  to  add  afterwards  to  the  fluid  con- 
taining  the  greater  portion  of  the  pliosphoric  acid. 

6.  Treat  the  fluid  filtered  from  the  phosphate  of  sesquioxide  of  iron, 
after  adding  to  it  the  solution  of  protosesquioxide  of  iron  obtained  in  5,  as 
directed  § 129,  3,  to  effect  the  Separation  of  the  iron,  manganese,  lime, 
and  magnesia. 

7.  Acidify  the  alkaline  filtrate  obtained  in  4,  which  contains  the  alu- 
mina  and  the  greater  part  of  the  pliosphoric  acid ; boil  with  some  clilorate 
of  potassa,  precipitate  with  ammonia,  add  chloride  of  barium,  and  proceed 
in  all  other  respeets  exactly  as  directed  § 106,  II.  f.  8. 

8.  Determine  the  sulphuric  acid  in  a separate  portion  of  the  hydrochlo- 
ric  acid  solution  of  the  mineral  as  directed  in  the  first  method  (1). 

III.  Bog  iron  ore. 

Bog  iron  ore  consists  of  a mixture  of  hydrated  sesquioxide  of  iron 
with  the  basic  salts  of  sesquioxide  of  iron  with  sulphuric  acid,  phos- 
phoric  acid,  crenic  acid,  apocrenic  acid,  and  humic  acid,  and  contains 
besides  these,  substances  from  the  formation  or  deposit  in  which  it  occurs, 
alumina,  lime,  and  magnesia. 

Reduce  the  ore  to  powder,  and  dry.  Expose  a portion  of  it  in  an 
open  platinum  crucible,  at  first  to  a dull  red  lieat,  to  burn  the  organic 
acids,  then  gradually  for  some  time  to  an  intense  red  heat,  with  the 
crucible  placed  in  an  oblique  position.  Treat  the  residue  by  one  of  the 
methods  given  in  II. 

To  detect  and  determine  the  organic  acids,  boil  a larger  portion  of 
the  finely  pulverised  ore  with  pure  solution  of  potassa,  until  it  is  converted 
into  a flocculent  mass.  Filter  and  treat  the  filtrate  as  directed  § 177,  9. 

IV.  Magnetic  iron  ore. 

Magnetic  iron  ore  contains  the  metal  as  protosesquioxide.  Analyse 
the  ore  in  the  same  way  as  the  red  hematite,  and  determine  afterwards 
in  a separate  weighed  portion  dissolved  in  hydrocldoric  acid,  with  exclusion 
of  air,  the  protosesquioxide  of  iron  by  analysis  by  measure  as  directed 
§ 89,  2,  «. 
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V.  SPATHIC  IRON  ORE. 

Spathic  iron  ore  contains  carbonate  of  protoxide  of  iron,  associated 
usually  witli  carbonate  of  manganese  and  carbonates  of  the  alkaline 
earths,  and  often  mixed  also  with  clay  and  substances  from  the  matrix 
in  which  the  ore  occurs. 

Reduce  the  mineral  to  powder,  and  dry. 

a.  Determine  the  water  as  directed  § 19. 

b.  Determine  the  carbonic  acid  as  directed  § 110,  II.  b.  ß. 

c.  Dissolve  a third  portion  of  the  powder  in  hydrocliloric  acid,  witli  ad- 
dition  of  nitric  acid.  When  complete  decomposition  has  been  elfected, 
Alter  the  fluid  from  the  residue  which  may  have  remained  undissolved,  and 
separate  the  bases  in  the  filtrate  by  one  of  the  methods  given  in  § 129. 

( i . In  a fourth  portion  of  the  powder,  dissolved  in  hydrocliloric  acid, 
witli  the  exclusion  of  air,  determine  the  quantity  of  the  protoxide  of  iron 
by  analysis  by  ineasure  as  directed  § 89,  2,  a. 


B.  Determination  of  the  iron  in  iron  oiies,  by  analysis 

BY  MEASURE. 

§ 206. 

Heat  one  gramme  (or  a smaller  quantity*)  of  the  pulverised  ore  in  a 
long-necked  flask,  placed  obliquely,  with  concentrated  hydrocliloric  acid 
until  complete  decomposition  is  effected  ; dilute  with  from  25  to  50  c.  c. 
of  water,  and  add  a few  small  grains  of  granulär  zinc,  or  some  pieces 
of  pure  sheet  zinc.  Close  the  flask  with  a perforated  cork  furnished  with 
a bent  tube  with  the  outer  arm  slightly  inclined ; let  this  outer  arm  dip 
into  a beaker  containing  some  water,  whose  surface,  however,  the  tube  must 
not,  or  at  least  barely,  touch.  Ileat  the  contents  of  the  flask  to  boiling. 
If  the  fluid  is  not  yet  perfectly  colorless  when  all  the  zinc  is  dissolved, 
add  an  additional  small  quantity  of  zinc  (but  not  too  mucli),  and  heat 
until  complete  solution  is  effected.  When  the  flask  has  cooleda  little,  allow 
the  water  in  the  receiving  beaker  to  recede  ; cool  the  flask,  tranfer  its  con- 
tents to  a beaker,  and  proceed  as  directed  § 89,  2,  a.  I must  liere  em- 
phatically  remark  that  I deem  it  more  convenient  and  better  calculated  to 
secure  accurate  results,  not  to  weigli  off  exactly  1 gramme  of  the  pulve- 
rised ore,  but  some  indefinite  quantity  (about  0’4  or  0-5  grm.)  ; and  that 
I prefer  leaving  the  solution  of  permanganate  of  potassa  (of  course 

* I usually  take  about  0‘4  or  05  grm.,  and  determine  the  iron  by  means  of  a solution 
of  permanganate  of  potassa,  of  wliich  30  c.  c.  correspond  to  from  0’2  to  0'3  grm.  of  iron. 
I add  this  solution  from  a burette  divided  into  c.  c. 
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assuming  it  to  have  about  the  proper  degree  of  concentration)  undiluted, 
simply  determining  its  strength ; with  a fluid  so  changeable  as  solutiou  of 
permanganate  of  potassa,  every  unnecessary  manipulation  sbould  be  avoided. 
The  calculatiou  required  is  very  simple. 


12.  COPPER  PYRITES. 

§ 207. 

This  mineral  contains  copper,  iron,  sulphur,and  generally  also  substances 
from  tlie  matrix  in  whicb  it  is  found.  Whether  it  contains  other  metals, 
besides  copper  and  iron,  must  be  ascertained  by  a qualitative  analysis. 

The  finely  pulverised  mineral  is  dried  at  212°. 

a.  The  estimation  of  the  sulphur  is  effected  according  to  the  directions 
given  § 116,  II.  1,  or,  more  commonly,  according  to  the  directions  of 
§116,  II.  2,  a.  a.  or  ß. 

b.  If  the  former  method  is  employed,  the  oxides  are  dissolved  in  hydro- 
cldoric  acid,  and  the  copper  and  iron  separated  by  sulphuretted  hydrogen  ; 
— if  the  latter,  either  the  excess  of  baryta  is  removed  by  sulphuric  acid, 
and  sulphuretted  hydrogen  then  conducted  into  the  fluid,  or  the  bases 
are  determined  in  a fresh  portion  of  the  powder. 

The  quantity  of  the  copper  may  be  determined  also  directly  by  Schwarz  s 
method  (§  95,  3,  b.)  ; but,  in  effecting  the  reduction,  care  must  be  taken 
not  to  raise  the  heat  above  176°,  at  which  temperature  iron  will  not 
precipitate  from  a fluid  containing  a large  proportion  of  alkaline  tartrate. 
However,  even  supposing  some  iron  to  precipitate  with  the  copper,  this 
could  exercise  no  adverse  influence  on  the  quantitative  estimation  of  the 
latter  metal. 

The  following  method  of  determining  copper  by  analysis  by  measure, 
bas  recently  been  devised  by  one  of  the  students  at  my  own  laboratory, 
Mr.  de  Ilaen,  which,  wlien  properly  applied,  gives  very  satisfactory 
results. 

The  method  is  based  upon  the  fact  that,  when  a salt  of  oxide  of  copper 
in  solution  is  mixed  with  iodidc  of  potassium  in  excess,  subiodide  of  cop- 
per and  free  iodine  separate,  which  latter  (the  free  iodine)  remains  dis- 
solved in  the  solution  of  iodide  of  potassium  : 2 (CuO,  S03)  + 2 KI  = Cu2I 
+ 2 KO,  S03  + I.  By  determining  the  quantity  of  the  iodine  by  BunserCs 
method,  the  quantity  of  the  copper  is  ascertained.  The  process  is  conducted 
as  follows : Dilute  the  sulphuric  acid  solution  of  the  copper — (which  had 
better  be  neutral,  tliough  a moderate  excess  of  sulphuric  acid  will  not  in- 
terfere  with  the  accuracy  of  the  results) — in  a measuring  flask  with  the 
requisite  quantity  of  water  to  obtain  a definite  volume  of  fluid  of  which 
100  c.  c.  contain  from  about  1 to  2 grammes  of  oxide  of  copper.  Transfer 
about  10  c.  c.  of  Bunsen’s  solution  of  iodide  of  potassium  to  a capacious 
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beaker,  add  10  c.  c.  of  the  solution  of  coppey,  mix,  and  tlien  add  without 
delay  sulphurous  acid,  and  proceed  in  all  other  respects  as  directed  § 1 14, 
Appendix.  The  solution  of  copper  must  contain  no  free  nitric,  nor  free 
hydrochloric  acid ; delay  in  the  addition  of  the  sulphurous  acid  to  the 
mixed  solution  of  copper  and  iodide  of  potassium,  would  affect  the 
accuracy  of  the  results.  With  due  attention  to  these  points,  the  results 
are  exceedingly  accurate.  Thus  Mr.  de  Haen  obtained  0*3567  grm.  of 
sulphate  of  copper  insteadof  0'35G6, — 99*89  and  100*1  of  metallic  copper 
instead  of  100.* 


13.  Galena. 

§ 208. 

Galena,  the  most  widcly  spread  of  the  lead  ores,  contains  frequently 
larger  or  smaller  quantities  of  iron,  copper,  silver,  and  commonly  also 
substances  (insoluble  in  acids)  from  the  matrix  in  which  it  occurs. 

The  best  way  of  analysing  it,  is  as  follows : 

Reduce  the  ore  to  a fine  powder,  and  dry  at  212°. 

Oxidise  a weighed  quantity  of  the  powder  (from  1 to  2 grammes)  with 
highly  concentrated  red  fuming  nitric  acid,  free  from  sulphuric  acid  (see 
§116,  II.  a.  a. — however,  the  ore  is  not  exposed  in  a tube  to  the  action 
of  the  acid).  If  the  acid  is  sufficiently  strong,  no  sulphur  will  separate. 
After  heating  gently  for  some  time,  dilute  with  water,  filter,  and  wash 
the  residue. 

a.  Dry  the  residue,  ignite,  and  weigh  (§  92,  2).  It  consists  of  sul- 
phate of  oxide  of  lead,  mineral  admixture  from  the  vein,  undecomposed  by 
the  acid,  silicic  acid,  & c.  Heat  the  whole,  or  a fractional  part  of  it,  with 
hydrochloric  acid  to  boiling ; let  the  residuary  Sediment  subside,  and  then 
decant  the  supernatant  clear  liquid  on  a filter ; pour  a fresh  portion  of 
hydrochloric  acid  over  the  residue,  boil  again,  let  the  residuary  Sediment 
subside,  and  decant,  and  repeat  this  Operation  until  the  sulphate  of  lead  is 
completely  dissolved ; finally  place  the  residue  on  the  filter,  and  wash 
with  boiling  water  until  every  trace  of  chloride  of  lead  is  removed ; 
dry,  ignite,  and  weigh.  Subtract  the  weight  found  from  that  of  the 
original  residue  : the  difference  expresses  the  quantity  of  sulphate  of  lead 
which  the  latter  contained. 

l>.  Evaporate  the  ßltrate  nearly  to  dryness,  to  expel  the  excess  of  free 
nitric  acid ; dilute  again  with  water,  and  test  for  silver,  with  very  dilute 
hydrochloric  acid.  If  a precipitate  forms,  increase,  if  necessary,  the 
quantity  of  the  hydrochloric  acid,  filter  the  fluid  from  the  precipitate, 

* I think  the  strength  of  Bunsen’s  solution  of  iodine  may  be  determined  by  this  method, 
with  the  aid  of  weighed  quantities  of  pure  copper,  as  accurately  as  by  means  of  bichromate  of 
potassa  (§  114,  Appendix,  c.  ß.). 
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wash  the  latter  with  boiling  water,  and  determine  tbe  chloride  of  silver  in 
the  usual  way.  Remove  tbe  sulphuric  acid,  which  tbe  filtrate  may  still 
eontain,  by  means  of  acetate  of  baryta,  and  then  precipitate  with  sul- 
phuretted  hydrogen.  The  precipitate  contains,  besides  sulpbide  of  lead, 
often  sulpbide  of  copper,  and  possibly  also  sulpliides  of  other  metals. 
These  and  tbe  metals  in  the  filtrate,  which  are  precipitable  by  sulpbide  of 
ammonium,  are  separated  by  the  methods  given  in  Section  VI. 

Calculate  the  proportion  of  sulphur  both  in  the  sulphate  of  lead  (a.) 
and  in  the  sulphate  of  baryta  (5.),  and  add  the  results  together  : this  sum 
gives  the  total  quantity  of  the  sulphur  contained  in  the  analysed  ore. 

To  determine  very  small  quantities  of  silver  and  the  trifling  traces  of 
gold  which,  according  to  Percy  and  Smith,  are  often  found  in  galena,  the 
best  way  is  to  fuse  a large  portion  of  the  ore  with  carbonate  of  soda  and 
nitrate  of  potassa  (10  parts  of  the  ore,  30  of  carbonate  of  soda,  3 of  nitrate 
of  potassa),  and  determine  the  silver  by  cupellation  in  the  metallic  mass 
obtained  (§  131,  7),  and  then  separate  it  from  the  gold  by  means  of 
nitric  acid. 

14.  Zinc  ORES. 

§ 209. 

A.  CALAMINE  AND  SILICATE  OF  ZINC  ORE. 

The  former  of  these  ores  consists  of  carbonate  of  zinc,  which  commonlv 
contains  larger  or  smaller  admixtures  of  protoxide  of  iron,  protoxide  of 
manganese,  oxide  of  lead,  oxide  of  cadmium,  lime,  magnesia,  and  silicic  acid ; 
the  latter  consists  of  silicate  of  zinc,  which  may  eontain  admixtures  of  silicates 
of  lead,  binoxide  of  tin,  sesquioxide  of  manganese,  sesquioxide  of  iron,  &c. 

Tbe  ore  is  reduced  to  a fine  powder,  dried  at  212°. 

a.  A portion  of  the  powder  is  treated  as  directed  § 111,  II.  a. — that  is, 
the  silicic  acid  is  separated  in  the  usual  way.  As  the  silicic  acid  generally 
contains  sand  or  undecomposed  mineral  from  the  matrix  from  which  the  ore 
is  derived,  it  must  be  separated  from  this  admixture  by  boiling  with  a 
solution  of  soda  (§  201). 

h.  In  treating  the  residue  with  hydrochloric  acid  and  water,  30  parts  of 
acid  are  used  to  100  parts  of  water  (see  page  316,  note). 

c.  The  solution  obtained  by  this  process,  is  precipitated  with  sulphu- 
retted  hydrogen,  and  the  metals  which  may  be  tbrown  dowm  by  that  re- 
agent  are  separated  by  the  proper  methods  described  in  Section  V. 

d.  The  filtrate  is  neutralised  with  ammonia  and  then  precipitated 
with  sulphide  of  ammonium;  the  precipitate  is  treated  exactlyas  directed 
§ 85,  h. ; the  oxide  of  zinc  obtained,  which  contains  sesquioxide  of 
iron  and  sesquioxide  of  manganese,  is  weighed,  and  in  a weighed  por- 
tion of  it  the  manganese  determined  volumetrically  (§  128,  10,  d.) ; 
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the  sesquioxide  of  iron  being  then  ultimately  determined  by  means  of 
solution  of  permauganate  of  potassa,  after  previous  reduction  by  zinc, 
as  directed  in  § 206. 

e.  The  lime  and  magnesia  are  determined  in  the  fluid  filtered  from  the 
sulphide  of  zinc,  as  directed  § 127,  A. 

f.  The  carbonic  acid  is  determined  in  a separate  portion  of  the  powder, 
as  directed  § 110,  b. 

g.  If  the  mineral  contains  water,  this  is  determined  as  directed  § 19. 

B.  Zinc  blende. 

This  ore  consists  of  sulphide  of  zinc,  commonly  mixed  with  other 
metallic  sulpliides,  more  especially  the  sulphides  of  lead,  cadmium,  copper, 
iron,  and  manganese.  Besides  these,  regard  must  be  had  in  the  analysis 
to  substances  from  the  matrix  in  which  the  ore  occurs. 

The  ore  is  reduced  to  a very  fine  powder,  which  is  dried  at  212°. 

a.  If  the  ore  contains  no  lead,  the  sulpliur  in  it  is  determined  as  directed 
§ 1 16,  II.  1 ; or,  more  commonly,  as  directed  § 1 16,  II.  2,  a.  a.  or  ß. ; — 
if  it  contains  lead,  it  is  treated  as  directed  in  § 208. 

b.  The  determination  of  the  bases  should  always  be  made  in  a sepa- 
rate portion  of  the  pulverised  ore.  If  no  lead  is  present,  the  powder  is 
dissolved  in  hydrochloric  acid,  with  addition  of  nitric  acid,  and  the  solution 
treated  as  directed  § 209,  A.  In  presence  of  lead,  the  following  convenient 
method,  which  gives  accurate  results,  may  be  resorted  to.  Ileat  the 
powder  with  fuming  hydrochloric  acid  until  complete  decompositiou  is 
effected,  evaporate  the  fluid  to  the  consistence  of  syrup,  and  dilute  with 
five  or  six  times  its  volume  of  strong  alcoliol.  Let  the  mixture  stand 
several  hours,  and  then  collect  the  chloride  of  lead,  together  with  the  un- 
dissolved  mineral  substances,  on  a weighed  Alter,  wash  with  alcoliol,  dry, 
and  weigh  ; treat  with  boiling  water  until  the  chloride  of  lead  is  completely 
removed ; dry  and  weigh  the  residue : the  loss  of  weight  suffered  in  the 
last  Operation  gives  the  quantity  of  the  chloride  of  lead.  Free  the  filtrate 
from  the  alcohol,  by  distillation  or  evaporation,  and  proceed  with  the  hy- 
drochloric acid  solution  as  directed  § 209,  A. 

Appendix  to  II. 

Quantitative  estimation  of  grape  or  fruit  sugar,  cane 

SUGAR,  MILK  SUGAR,  STARCH,  AND  DEXTRINE. 

The  quantitative  estimation  of  these  compounds  is  often  called  for  in 
the  analysis  of  agricultural  and  technical  products,  and  also  in  that  of 
pharmaceutical  preparations  ; it  is  also  of  some  importance  as  regards  the 
examination  of  diabetic  urine.  I will  therefore  give  in  this  Appendix  some 
of  the  best  methods  by  which  this  is  effected. 
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Setting  aside  the  purely  physical  processes,  which  are  based  either 
upon  the  specific  gravity  of  the  saccbarine  Solutions,  or  upon  their  deport- 
ment witli  polarised  liglit,  tliere  are  two  metliods  by  which  the  quantita- 
tive estimation  of  grape  sugar,  and  also  of  the  other  compounds,  which 
are  convertible  into  grape  sugar,  may  be  accomplished,  to  which  I shall 
confine  myself. 

A.  MeTHODS  BASED  UPON  THE  REDUCTION  OF  OXIDE  OF  COPPER 

TO  SUBOXIDE.* 

§ 210. 

If  a solution  containing  sulphate  of  copper,  neutral  tartrate  of  potassa, 
and  solution  of  soda,  in  the  proper  proportion,  is  heated,  even  to  ebul- 
lition,  it  remains  unaltered ; hut  if  the  same  solution  is  heated  after 
addition  of  grape  sugar,  suboxide  of  copper  separates.  The  quantity  of 
the  oxide  of  copper  reduced  is  proportional  to  the  quantity  added  of  the 
grape  sugar:  one  equivalent  of  the  latter  (C!2H12O12)  = 2250  reduces  ten 
equivalents  of  oxide  of  copper=4960  to  the  state  of  suboxide  ( Fehling , 
C.  Neubauer).  Therefore,  if  we  lcnow  the  quantity  of  oxide  of  copper  re- 
duced, we  know  also  that  of  grape  sugar  added. 

Upon  this  principle  two  methods  may  he  based.  Either  we  may  add  to 
a solution  of  copper  of  known  strengtli,  the  exact  quantity  of  grape  sugar 
which,  if  the  grape  sugar  were  perfectly  pure,  would  reduce  all  the  oxide  to 
suboxide  ; or  the  solution  of  copper  may  be  used  in  excess,  and  the  sub- 
oxide which  separates  determined.  The  fonner  method  is  the  one  most 
frequently  employed ; the  latter  is  resorted  to  in  cases  in  which,  from  the 
dark  color  of  the  fluid,  it  is  difficult  to  determine  the  exact  point  where 
the  process  of  reduction  and  Separation  is  accomplished. 

We  will  now  proceed,  first  to  the  quantitative  estimation  of  grape  sugar, 
and  afterwards  to  the  consideration  of  the  best  method  of  Converting  cane 
sugar,  starch,  &c.,  into  grape  sugar. 

1.  Quantitative  estimation  of  grape  sugar  in  pure  or  almost 

PURE  AQUEOUS  SOLUTION. 

First  Method. 

Requisites. 

a.  Solution  of  copper.  Dissolve  exactly  40  grammes  of  pure  crystallised 
sulphate  of  copper,  completely  freed  from  adhering  moisture,  hy  pulverising 
and  pressing  hetween  slieets  of  blotting  paper,  in  about  1 60  grammes  of 
water.  Dissolve  in  another  vessel  160  grammes  of  neutral  tartrate  of 

* Compare  Fehling,  on  the  quantitative  estimation  of  sugar  and  starch,  by  means  of 
sulphataof  copper,  Ann.  d.  Chem.  u.  Pharmacie,  Bd.  72,  S.  106;  and  C.  Neubauer,  Archiv 
der  Pharmacie,  2 Reihe,  Bd.  72,  S.  278. 
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potassa  in  a small  quantity  of  water,  and  add  from  600  to  700  grammes  of 
solution  of  soda  of  1*12  sp.  gr.  Add  the  first  solution  gradually  to  the 
second,  and  dilute  the  deep  blue,  clear  fluid  exactly  to  1155  c.  c.*  Every 
10  c.  c.  of  this  solution  contain  0*3463  grm.  of  sulphate  of  copper,  and 
correspond  exactly  to  0*050  grm.  of  anhydrous  grape  sugar.  Keep  tlie 
solution  in  a cool,  dark  place  ; before  using  it,  boil  10  c.  c.  of  it  for  some 
minutes,  by  way  of  trial,  with  40  c.  c.  of  water  ; if  this  Operation  produces 
the  least  change  in  the  fluid,  and  causes  the  Separation  of  even  the 
smallest  quantity  of  suboxide,  the  solution  is  unfit  for  use. 

b.  Solution  of  sugar.  This  must  be  highly  dilute,  containing  only 
or,  at  the  most,  1 per  cent  of  sugar.  If,  therefore,  you  find,  in  a first 
expcriment,  that  the  sugar  solution  is  too  concentrated,  dilute  it  with  a 
definite  quantity  of  water,  and  repeat  the  experiment. 

The  process. 

Put  10  c.  c.  of  the  copper  solution  into  a porcelain  dish,  add  40  c.  c.  of 
water,  heat  to  gentle  ebullition,  and  allow  the  sugar  solution  to  drop  slowly 
and  gradually  into  the  fluid,  from  a burette  or  pipette,  divided  into  or  T'y 
c.  c.  After  the  addition  of  the  first  few  drops,  the  fluid  shows  a greenish- 
brown  tint,  owing  to  the  suboxide  and  hydrated  suboxide  suspended  in 
the  blue  solution ; in  proportion  as  more  of  the  sugar  solution  is  added, 
the  precipitate  becomes  more  copious,  acquires  a redder  tint,  and  subsides 
more  speedily.  When  the  precipitate  presents  a bright  red  color,  remove 
the  lamp,  allow  the  precipitate  to  subside  a little,  and  give  to  the  dish 
an  inclined  position,  which  will  enable  you  readily  to  detect  the  least 
bluish-green  tint.  To  make  quite  sure,  however,  pour  a small  por- 
tion  of  the  clear  supernatant  fluid  into  a test  tube,  add  a drop  of  the 
sugar  solution,  and  apply  heat.  If  there  remains  the  least  trace  of  salt  of 
copper  undecomposed,  a yellowish-red  precipitate  will  form,  appearing  at 
first  like  a cloud  in  the  fluid.  In  that  case,  pour  the  contents  of  the  test 
tube  into  the  dish,  and  continue  adding  the  solution  of  sugar  until  the 
reaction  is  complete.  The  amount  used  of  the  solution  of  sugar  contains 
0*050  grm.  of  anhydrous  grape  sugar.  When  the  Operation  is  terminated, 
ascertain  whether  it  has  fully  succeeded,  that  is,  whether  the  solution 
really  contains  neither  copper,  sugar,  nor  a brown  product  of  the  decom- 
position  of  the  latter  substance.  To  this  end  filter  off  a portion  of  the 
fluid  still  quite  hot.  This  filtrate  must  be  colorless  (without  the  least 
brownish  tinge).  Heat  a portion  of  it  with  a drop  of  the  copper  solu- 
tion ; acidify  two  other  portions,  and  test  the  one  with  ferrocyanide  of 
potassium,  the  other  with  sulphuretted  hydrogen  : neither  of  these  tests 
must  produce  the  slightest  alteration.  If  the  fluid  contains  a perceptible 
quantity  of  either  oxide  of  copper  or  of  sugar,  this  is  a proof  that  too 

* Fehling  dilutes  to  1154*4  c.  c. ; but,  as  our  equivalent  for  copper  slightly  differs  from 
bis,  we  make  it  1155  c.  c. 
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little  or  too  mucli  of  the  latter  liave  been  added,  and  the  experiment  must 
accordingly  be  repeated. 

The  results  are  constant  and  very  satisfactory. 

Second  Method. 

This  requires  the  same  solution  as  the  first.  Pour  20  c.  c.  of  the 
solution  of  copper  and  80  c.  c.  of  water  (or  a larger  quantity  of  the  copper 
solution  diluted  with  water  in  the  same  proportion)  iuto  a porcelain  dish, 
add  a measured  quantity  of  the  dilute  sugar  solution,  hut  not  sufficient  to 
reduce  the  oxide  of  copper,  and  heat  for  about  ten  minutes  on  the  water- 
batli.  When  the  reduction  is  completed,  wash  the  precipitated  suboxide 
of  copper  hy  decantation  with  boiling  water.  Pass  the  decanted  fluid 
through  a weighed  filter,  dried  at  212°,  lastly  place  the  precipitate  also 
on  the  filter,  dry  at  212°,  and  weigh.  Or  determine  the  quantity  of  the 
suboxide  by  Schwarz’ s method  (§  05,  3,  b.)  ; or  ignite  the  suboxide  of 
copper,  with  access  of  air,  aud  then  convert  it  into  oxide  by  treating  it 
with  fuming  nitric  acid. 

100  parts  of  anhydrous  grape  sugar  correspond  to  220*5  of  oxide  of 
copper,*  or  198*2  of  suboxide  of  copper, f or  155*55  of  iron  converted 
from  the  state  of  sesquichloride  to  that  of  protochloride). 

In  the  application  of  this  method,  it  must  be  borne  in  mind  that  the 
separated  suboxide  of  copper  will  gradually  redissolve  in  the  supernatant 
fluid,  as  soon  as  this  becomes  cold,  as  oxide  into  which  it  is  reconverted  by 
the  oxygen  of  the  atmosphere.  Hence  the  necessity  of  wrashing  the  pre- 
cipitate by  decantation  with  boiling  water. 

2.  Modification  of  THE  preceding  methods,  and  conversion 

OF  CANE  SUGAR,  STARCH,  ETC.,  INTO  GRAPE  SUGAR. 

a.  The  preceding  methods  may  be  employed  without  modification  to 
determine  the  amount  of  grape  sugar  contained  in  grape  juice,  apple  juice, 
and  the  juices  of  other  fruits,  properly  diluted,  of  course.  The  same  ap- 
plies  also  to  diabetic  urine.  The  other  substances  contained  in  the  said 
juices,  and  in  healthy  urine,  are  without  action  or  influence  upon  the  test 
solution  of  copper. 

b.  Vegetable  juices  of  dark  color  must  previously  be  clarified ; this  is 
done  by  heating  a measured  quantity  of  the  juice  to  boiling,  and  adding 
a few  drops  of  milk  of  lime,  which  usually  produces  a copious  preci- 
pitate (of  albumen,  coloring  matter,  lime  salts,  &c.)  ; the  fluid  is  then 

* Fehling  (Annal.  d.  Chem.  und  Pharm.  Bd.  72,  S.  106)  ohtained,  as  highest  results, 
219*4  grammes  of  oxide  of  copper. 

f Neulauer  (Archiv  der  Phann.  2 Reihe,  Bd.  72,  S.  278),  found  in  his  experiments  with 
starch,  that  0*05  of  the  latter  correspond  to  0*112  of  suboxide  of  copper.  As  90  of  starch 
gives  100  of  grape  sugar,  0*05  of  the  former  correspond  to  0*0555  of  the  latter.  Accordingly 
100  of  grape  sugar  gave  201*62  of  suboxide  of  copper,  instead  of  198*2. 
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filtcred  through  animal  cliarcoal,  the  precipitate  tlioroughly  washed,  and 
the  washings  added  to  the  filtrate,  which  is  then  diluted  to  ten,  fifteen,  or 
twenty  times  its  original  bulk  (Neubauer). 

c.  Cane  sugar,  or  vegetable  juices  containing  cane  sugar  (the  juices  of 
the  sugar  cane,  beetroot,  maple,  & c.),  must  first  be  converted  into  grape 
sugar.  This  is  effected  by  protracted  beating  witb  dilute  sulpburic  acid. 
Tlius,  for  instance,  to  prepare  beetroot  juice  for  the  quantitative  estimation 
of  the  saccharine  matter  contained  in  it,  take  from  15  to  20  c.  c.  of  the 
juice  treated  as  directed  in  b.,  add  twelve  drops  of  dilute  sulpburic  acid 
(S03,  HO + 5 water),  and  boil  the  mixture  from  one  to  two  hours, 
adding  water  as  it  evaporates ; this  Operation  is  conducted  best  on  a 
water-batb.  Neutralise  tlie  free  acid  bymeans  of  a dilute  solution  of  car- 
bonate  of  soda,  dilute  to  ten  times  the  original  volume,  and  examine  the 
fluid  as  directed  in  1 . 

100  parts  of  grape  sugar  (C12H12012)  correspond  to  95  parts  of  cane 
sugar  (C12HuOu).  Accordingly,  it  takes  0-0-175  grm.  of  cane  sugar  to 
decompose  10  c.  c.  of  the  copper  solution. 

d.  Starch  and  dextrine,  or  substances  containing  either  of  these  bodies, 
are  treated  in  the  same  way,  but  the  action  of  the  sulpburic  acid  is  con- 
tinued  much  longer  than  in  the  conversion  of  cane  sugar  into  grape  sugar. 
For  instance,  to  convert  1 gramme  of  starch  into  grape  sugar,  proceed 
as  follows : mix  the  gramme  of  starch  witb  ] 0 grammes  of  water, 
shake  the  mixture,  apply  heat,  still  shaking,  until  a paste  is  formed ; add 
to  this  12  drops  of  dilute  sulpburic  acid  (1  to  5),  and  apply  heat  until 
the  fluid  becomes  thin,  boil  the  fluid  now  from  6 to  10  hours  in  an  ob- 
liquelv  placed  flask  on  the  sand-bath,  frequently  replacing  the  evapo- 
rated  water  ;*  or  heat  the  fluid  from  24  to  36  hours  in  the  water- 
bath.  When  the  conversion  into  grape  sugar  is  completed,  dilute  the 
fluid  to  100  or  200  c.  c.,  and  proceed  as  directed  in  1.  The  reaction  witb 
tincture  of  iodine,  which  bas  been  proposed  by  several  chemists,  as  a test 
to  ascertain  whether  the  conversion  into  grape  sugar  is  completed,  is  not 
suflficiently  reliable.  To  remove  all  doubt  heat  20  c.  c.  of  the  fluid  again 
for  several  hours,  rinse  into  a measuring  tube,  dilute  to  40  c.  c.,  and  pro- 
ceed again  as  directed  in  1.  This  second  experiment  must  take  exactly 
double  the  quantity  of  solution  of  copper  used  in  the  first ; if  less  is 
required,  this  is  a proof  that  an  additional  quantity  of  sugar  has  been 
formed  upon  the  renewed  application  of  heat.f 

* The  Operation  may  be  greatly  facilitated  by  closing  the  flask  with  a perforated  cork 
furnished  with  a glass  tube  bent  at  an  obtuse  angle,  and  which  leads  to  a cooling  apparatus 
tumed  upwards;  by  this  arrangement  the  evaporating  water  returns  to  the  flask. 

f The  complete  conversion  of  starch  into  sugar  may  be  effected  also  by  making  the 
starch  into  paste,  and  digesting  this  for  several  hours,  at  a temperature  of  from  140°  to 
158°,  with  a measured  quantity  of  infusion  of  malt.  If  the  sugar  is  now  determined  in  an 
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100  parts  of  grape  sugar  (CjjHj  2Oj  2)  correspond  to  90  parts  of  starch 
(C12H10O10)  ; or  10  c.  c.  of  the  copper  solution  correspond  to  0-045 
of  starch. 

e.  Milk  sugar  reduces  a much  sraaller  proportion  of  oxide  of  copper  than 
grape  sugar ; for  whilst  1 gramme  of  the  latter  decomposes  6'926  of  sulphate 
of  copper,  1 part  of  milk  sugar  reduccs,  accordiug  to  Neubauer,  4-331, 
according  to  Mathäi ,*  4-158  parts  of  oxide  of  copper;  or,  in  other  terms, 
10  c.  c.  of  the  test  solution  of  copper  correspond  to  0-08  grm.  of  milk  sugar. 

The  best  way,  therefore,  to  adapt  the  test  solution  of  copper  for  the  quan- 
titative estimation  of  milk  sugar,  is  to  ascertain  in  the  first  place,  by 
means  of  a solution  of  milk  sugar  of  known  strength,  the  exact  amount 
to  which  a given  quantity  (10  c.  c.)  of  the  test  solution  of  copper  corre- 
sponds. 

To  determine  the  milk  sugar  in  milk,  the  caseine  is  removed  by  means 
of  acetic  acid,  and  the  whey  cleared  witli  a little  white  of  egg  and  filtered  ; 
the  filtrate  is  then  mixed  witli  9 times  its  volume  of  water,  and  the  milk 
sugar  determined  in  the  usual  way  (described  in  1),  by  means  of  the  test 
solution  of  copper. 

B.  Method  based  upon  THE  decomposition  of  sugar  by 

ALCOHOLIC  FERMENTATION.')' 

§ 211. 

1.  When  a saccharine  fluid  is  exposed,  with  ferment,  or  yeast,  to 
the  proper  temperature,  it  suffers  alcoholic  fermentation,  in  which  the 
elements  of  one  equivalent  of  anhydrous  grape  sugar  are  converted  into  two 
equivalents  of  alcohol  and  four  equivalents  of  carbonic  acid  (CI2  HI2  0]2)  = 
2(C4  Hg  05  + 4 C02).  Accordingly,  if  the  quantity  of  carbonic  acid 
generated  in  this  way  is  known,  the  quantity  of  sugar  decomposed  may  be 
calculated  from  it.  100  parts  of  anhydrous  grape  sugar  give  51-11  of 
alcohol  and  48*89  of  carbonic  acid. 

2.  The  carbonic  acid  escaping  in  the  process  is  most  conveniently  deter- 
mined with  the  aid  of  the  apparatus  illustrated  in  Fig.  45  (§110).  The 
flask  A should  be  rather  capacious,  B as  small  as  is  compatible  with  the 
object  of  the  Operation.  The  wax  plug  on  b is  omitted. 

3.  The  experiment  is  made  with  a quantity  of  the  saccharine  fluid  con- 
taining  about  2 grammes  of  anhydrous  sugar.  If  much  more  is  taken,  the 
fermentation  lasts  too  long  ; if,  on  the  other  hand,  much  less  is  used,  the 

equal  quantity  of  infusion  of  malt,  heated  for  the  same  time,  the  difference  gives  the 
amount  of  sugar  formed  from  the  starch. 

* Archiv  der  Pharm.,  2 Reihe,  Bd.  72,  S.  293. 

■j-  Compare  Krocker  on  the  quantitative  estimation  of  starch  in  vegetable  aliments,  Annal. 
der  Chem.  und  Pharm.,  Bd.  5S,  S.  212 . 
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results  are  inaccurate,  because  the  quantity  of  the  carbonic  acid  evolved  is 
in  that  case  too  small  for  correct  weiffhins:. 

4.  As  regards  tlie  concentration  of  the  fluid,  the  solution  should  contain 
from  4 to  5 parts  of  water  to  1 part  of  sugar.  More  highly  dilute  Solutions 
must  therefore  be  concentrated  by  evaporation  in  the  water-bath. 

5.  Pour  the  sugar  solution  into  the  flask  A,  add  a few  drops  of  solution 
of  tartaric  acid,  and  a comparatively  large  weighed  portion  of  washed  yeast 
(say  20  grammes  of  fresh,  or  a corresponding  quantity  of  German  yeast.) 
As  yeast  generally  evolves  some  carbonic  acid  from  its  own  constituents,  a 
larger  weighed  portion  of  it  may  be  put  into  another  similar  apparatus,  to 
determine  the  carbonic  acid  evolved  from  it,  which  is  tben  calculated  for 
20  grammes,  i.  e.  the  quantity  used  in  the  fermentation  process  of  the 
sugar,  and  the  resulting  amount  deducted  from  the  weiglit  of  the  carbonic 
acid  obtained  in  the  latter. 

6.  The  apparatus  is  nftw  accurately  weighed,  and  kept  at  a pretty  con- 
stant  temperature  of  77°.  Fermentation  soons  sets  in,  and  goes  on  briskly 
at  first,  but  after  a time,  more  slowly.  When  no  more  gas  bubbles  escape 
through  the  sulphuric  acid  (after  4 or  5 days),  the  process  is  terminated. 
The  flask  A is  now  heated,  by  placing  it  in  a vessel  with  hot  water ; it  is 
then  taken  out,  and  suction  applied  to  d,  by  means  of  a perforated  cork, 
to  draw  out  the  carbonic  acid  still  lingering  in  the  apparatus ; the  latter  is 
allowed  to  cool,  and  then  ultimately  weighed  again.  The  loss  of  weiglit 
indicates  the  amount  of  carbonic  acid  which  has  escaped,  and  this  mul- 
tiplied  by  2-045,  gives  the  corresponding  quantity  of  grape  sugar. 

7.  If  it  is  intended  to  examine  amylaceous  substances  in  this  way,  the 
starch  in  them  is  converted  into  grape  sugar  in  the  manner  directed 
§ 210,  2,  d. ; the  fluid  is  then  evaporated  in  the  water-bath  to  the  con- 
sistence  of  syrnp,  transferred  to  the  flask  A,  and  the  free  sulphuric  acid 
removed,  by  adding  a highly  concentrated  solution  of  neutral  tartrate  of 
potassa  in  sufficient  quantity  to  form  sulphate  and  bitartrate  of  potassa;)* 
the  fluid  is  then  subjected  to  the  process  of  fermentation.  In  the  exami- 
nation  of  potatoes,  from  6 to  8 grammes,  in  that  of  the  several  sorts  of  flour 
of  the  cereals,  3 grammes  are  used. 

* The  reaction  on  litmus  papcr  affords  a tolerably  safe  guide  as  to  the  quantity  required. 
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III.  ANALYSIS  OF  THE  ASHES  OF  PLANTS.* 

§ 212. 

The  recent  researches  and  discoveries  of  agricultural  chemistry 
liave  fully  establislied  the  fact,  that  plants  require  for  tlieir  growtli  and 
development  certain  inorganic  constituents,  which  are  different  for  the 
different  classes  of  plants ; the  discovery  of  this  fact  has  created  a very  natural 
desire  to  ascertain  which  inorganic  constituents  are  respectively  indispen- 
sable for  the  growth  of  the  several  species  of  plants,  and  more  particu- 
larly  for  that  of  the  cultivated  plants,  and  also  for  weeds,  since  the 
knovvledge  of  the  constituents  of  these  latter  enables  us  to  infer  the  nature 
of  the  soil  in  which  they  grow.  This  knowledge  it  was  endeavored  to 
attain  by  the  analysis  of  the  ashes  remaining  upon  the  combustion  of 
either  the  entire  plants  or  particular  parts  of  them  (the  seeds  for  iustance). 
And,  although  it  is  a settled  point  tbat  perfectly  accurate  results  cannot 
he  so  obtained,  since  the  ashes  of  a plant  do  not  quite  truly  repre- 
sent  the  sum  of  the  inorganic  constituents  contained  in  it,  still,  putting 
aside  a few  experiments  made  in  this  direction,f  we  know  as  yet  no  better 
means  of  obtaining  the  end  in  view,  and  at'all  events  no  other  means 

* As  the  analysis  of  the  ashes  of  animal  substances  is  made  almost  exclusively  for  the  pur- 
poses  of  Science,  and  only  rarely  for  technical  purposes,  I have  omitted  in  the  text  a detailed 
description  of  it ; I will  here  only  remark  that  the  same  processes  which  are  given  in  the  text 
for  the  incineration  of  plants  and  the  analysis  of  the  ashes,  will  equally  serve  the  same 
purposes  for  animal  substances.  Substances  which  fuse  are  first  heated,  according  to  H.  Rose, 
in  a platinum  dish  with  stirring,  until  they  have  lost  their  fluidity,  and  the  organic  matter  is 
nearly  destroyed.  The  nearly  carbonised  residue  is  transferred  to  a platinum  crucible 
(a  common  clay  crucible  will  also  answer  the  purpose) ; the  lid  is  properly  closed,  and  the  Con- 
tents are  heated  to  dull  redness.  The  charcoal  obtained  is  burnt  with  spongy  platinum. 
Streckers  method  of  incineration  which  is  given  in  the  text,  is  also  well  adapted  for  animal 
substances.  In  his  paper  on  the  subject  (Annal  d.  Chemie  und  Pharmacie,  73,  370),  he 
calls  attention  to  the  fact  that  the  ashes  of  animal  substances  often  contain  no  inconsiderable 
quantity  of  cyanates.  These  salts  are  destroyed  most  readily  by  moistening  the  ashes  with 
water,  and  then  heating  gradually  to  redness  ; one  moistening  usually  suffices  to  convert  the 
cyanates  into  carbonates.  On  the  subject  of  the  analysis  of  the  ash  of  animal  substances, 
compare  also  F.  Verdeil's  paper  on  the  analysis  of  the  ash  of  the  blood  of  man  and  several 
animals  (Annal.  der  Chem.  und  Pharmacie,  69.  89  ; — Pharmac.  Centralbl.,  1849,  198 ; Liebig 
and  Kopp’s  Annual  Report,  1849,  367) ; and  Fr.  Keller  's  paper  on  the  ash  of  flesh  and 
broth  (Annal  der  Chem.  und  Pharmacie,  70,  91 ; — Pharm.  Centrabl.,  1849,  581  ; — Liebig 
and  Kopp’s,  Annual  Report,  1849,  368). 

*t*  Caillat  States  that,  by  treating  grass  plants  (clover,  luceme,  sainfoin)  with  dilute  nitric 
acid,  he  succeeded  in  removing  the  organic  constituents  so  fully  that  the  readily  combustible 
residuary  mass  left,  upon  incineration,  for  10  grammes  of  vegetable  used  only  from  18  to  22 
milligrammes  of  ash  consisting  of  silicic  acid  and  sesquioxide  of  iron.  He  States,  moreover, 
that  this  treatment  of  the  plant  gives  a larger  quantity  of  the  constituents  of  the  ash,  more 
particularly  of  sulphuric  acid,  than  is  obtained  by  the  incineration  of  the  plant.  (Compt. 
rend.  XXIX.  137  ; Liebig  and  Kopp’s  Annual  Report,  1849,  418). 
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equally  applicable  to  the  analysis  of  all  vegetable  matters.  The  analysis  of 
the  ashes  of  plants  will  therefore  continue,  at  least  for  some  time  to  come, 
a highly  important  and  interesting  branch  of  analytical  chemistry ; nay, 
we  may  safely  presume  that  tliis  mode  of  estimating  the  inorganic  con- 
stituents  of  plants  will  never  be  abandoned  by  the  agriculturist,  since  the 
results  which  it  gives  are  sufficiently  accurate  for  the  purposes  of  agri- 
culture,  though  not  for  those  of  pliysiology. 

The  ashes  of  plants  containing,  according  to  the  researches  hitherto 
made,  only  a limited  number  of  acids  and  bases,  certain  widely  applicable 
metliods  for  tlieir  analysis  have  been  devised.  As  these  methods  present 
many  peculiarities,  and  are  frequently  employed,  I will  here  describe  those 
which  appear  to  me  the  most  simple  and  best  adapted  for  the  purpose.  A 
critical  discussion  of  the  numerous  and  essentially  different  methods  pro- 
posed  would,  of  course,  be  out  of  place  in  the  present  work. 

The  following  are  the  substances  generally  found  in  plants : 

Bases : 

Potassa,  soda,  lime,  magnesia,  sesquioxide  of  iron,  sesquioxide  of  man- 
ganese ; 

Acids  and  salt-radicals  : 

Silicic  acid,  phosphoric  acid,  sulphuric  acid,  carbonic  acid,  chlorine. 


Besides  these  we  occasionally  find,  alumina  (which  may,  however,  be  re- 
garded  as  an  impurity),  fluorine,  iodine,  bromine,  metallic  cyanides  and 
cyanates  (only  in  the  ashes  of  bodies  abounding  in  nitrogen),  metallic 
sulphides,  and  oftcn  slight  traces  of  oxide  of  copper. 

Most  of  these  substances  were  unquestionably  constituents  of  the  in- 
cinerated  plants  ; as  regards  some  others,  it  is  uncertain  whether  they 
were  originally  present  in  the  vegetable,  or  whether  they  owe  their 
formation  to  the  process  of  incineration ; and  lastly,  some  of  them,  cer- 
tainly  owe  their  origin  entirely  to  that  process.  Thus  the  sulpliates  and 
even  the  carbonates  may  have  been  original  constituents  of  the  plant ; 
but  they  also  may  have  been  formed  in  the  process  of  incineration,  by 
the  destruction  of  salts  with  orgauic  acids,  and  by  tbe  combustion  of  the 
sulphur  which  every  plant  contains  in  the  unoxidised  state ; thus  the 
metallic  sulphides  are  formed  by  the  action  which  the  charcoal  exercises 
upon  sulphates  in  the  absence  of  a sufficient  supply  of  air ; — thus  the 
metallic  cyanides  owe  their  formation  to  the  effect  of  lieat  upon  nitro- 
genous  charcoal  in  contact  with  alkaline  carbonates ; and  the  cyanates 
to  the  oxidation  of  the  metallic  cyanides,  &c. 

From  the  variety  of  these  several  inorganic  substances,  and  the  circum- 
stance  that  some  of  them  are  usually  present  in  very  minute  quautities 
only,  it  is  by  no  means  an  easy  task  to  devise  uuiversally  applicable 
methods ; more  especially,  as  it  is  a great  desideratum  to  uuite  accuracv 
with  despatch.  l l 
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The  analysis  of  the  ashes  of  plants  is  properly  divided  into  four  parts, 
viz. : — 

1 . The  preparation  of  the  ash  ; 

2.  The  analysis  of  the  ashes  ; 

3.  The  calculation  and  Statement  of  the  results  ; 

4.  The  calculation  of  the  percentage  proportion  which  the  several  in- 
gredients  of  the  ashes  respectively  bear  in  the  composition  of  the  plant  or 
part  of  a plant  which  has  furnished  them. 

A.  Preparation  of  the  ash. 

§ 213. 

In  the  preparation  of  the  ash  for  the  analytical  process,  the  following  con- 
ditions  must  be  observed : — 

1 . The  plant  or  part  of  a plant  to  be  incinerated,  must  be  free  from  all 
adhering  impurities. 

2.  The  ash  must  be  as  free  as  possible  from  unburnt  matters. 

3.  No  essential  constituents  must  be  lost  by  the  process  of  incineration. 

To  satisfy  the  first  condition,  the  plants  or  parts  of  plants  intended  for 

incineration  must  be  carefully  selected  and  cleaned.  It  is  not  always 
practicable  to  rub  or  brush  away  sand  or  ciay,  more  especially  from  small 
seeds.  H.  Rose  gives  the  following  directions  for  cleaning  the  latter  : 

Pour  over  the  seeds  in  a beaker  a moderate  quantity  of  distilled  water, 
stir  a few  moments  with  a glass  rod,  and  then  place  on  a sieve  with  suffi- 
ciently  wide  holes  to  allow  the  sand  to  pass  through,  wliilst  retaining  the 
seeds.  Repeat  this  Operation  several  times,  but  take  care  never  to  leave 
the  seeds  long  in  contact  with  water,  otherwise  soluble  salts  might  be  ex- 
tracted  from  them.  Finally  place  the  seeds  on  a linen  cloth,  and  rub  them 
between  its  folds,  which  will  remove  the  still  adhering  fine  sand  ; dry 
them,  to  be  ready  for  the  process  of  incineration  when  required.  Seeds 
cleaned  in  this  manner  are  almost  perfectly  free  from  foreign  matters. 

For  the  fulfilment  of  the  second  and  third  conditions,  the  principal 
point  to  be  looked  to  is  that  the  incineration  is  effected  at  the  lowest 
possible  temperature  (a  dull  red  heat),  and  with  a proper  access  of  air, 
neither  too  strong  nor  too  feeble.  Too  strong  a draught  is  apt  to  carry 
away  particles  of  the  ash,  wliilst,  on  the  other  hand,  with  too  feeble 
a draugbt,  the  Operation  lasts  too  long,  and  facilities  are  afforded  for 
processes  of  reduction  to  take  place.  The  application  of  an  over-intense 
heat  will  cause  the  fusion  of  the  metallic  clilorides  and  the  phosphates 
of  the  alkalies,  and  the  fused  mass  enfolding  the  carbon  will  very  greatly 
impede  the  combustion  of  the  latter ; besides,  excessive  heat  mav  cause 
the  metallic  Chlorides  to  volatilise ; nay,  even  phosphoric  acid  may  be 
lost  in  this  way,  since,  as  Erdmann  has  shown,  that  acid  phosphates  of 
the  alkalies,  when  ignited  with  carbon,  are  converted  into  neutral  salts, 
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with  reduction  and  volatilisation  of  part  of  the  phosphorus.  But, 
whilst  loss  of  metallic  Chlorides,  phosphoric  acid,  and  sulphuric  acid, 
may  be  effectually  guarded  against  by  properly  regulating  the  heat  and 
the  access  of  air,  and,  if  need  be,  by  mixing  baryta  or  lirae  with  the 
substance  intended  for  incineration,  loss  of  carbonic  acid  cannot  be  avoided. 
The  quantitative  estimation  of  the  carbonic  acid  in  the  ash  will,  there- 
fore,  never  enable  us  to  draw  any  reliable  inference  as  to  the  constituents 
of  the  incinerated  vegetable.  It  was  formerlv  thought  that  the  presence 
of  carbonates  in  the  ash  of  a plant  containing  no  carbonates,  might  be 
regarded  as  a proof  of  the  presence  of  salts  with  organic  acids  in  the 
incinerated  plant ; however,  even  this  assumption  has  been  discovered  to 
rest  on  error,  since,  as  Strecker  has  shown,  alkaline  carbonates  together 
with  alkaline  pyrophosphates  are  formed  when  tribasic  alkaline  phosphates 
are  ignited  with  a large  excess  of  sugar,  or  the  charcoal  of  the  latter.  On 
the  other  hand,  alkaline  pyrophosphates  are  converted  into  tribasic  phos- 
phates, when  strongly  ignited  in  conjunction  with  alkaline  carbonates. 
With  these  facts  before  us,  we  can  readily  understand  how  the  detection 
and  estimation  of  tribasic  and  bibasic  phosphates  in  an  ash  may  also 
depend  upon  the  manner  in  which  it  has  been  prepared. 

I will  now  proceed  to  describe  the  several  methods  of  incineration. 

1 . Incineration  in  the  muffle. 

This  method,  which  was  first  recommended  by  Erdmann ,*  and  after- 
wards  by  Strecker, f and  which  is  at  present  introduced  in  most  laborato- 
ries,  has  almost  entirely  superseded  the  old  way  of  burning  vegetables  sub- 
stances  in  hessian  crucibles  placed  in  an  oblique  position. 

The  muffles  which  I employ  are  made  of  the  material  of  hessian  cruci- 
bles ; they  are  in  internal  measurement  28  centimeters  long,  1 1 centimeters 
wide,  and  6 centimeters  high.  They  are  placed  in  furnaces  with  moveable 
grates ; they  have  no  conducting  pipe,  and  are  loosely  closed  in  front  with 
a perforated  door.  The  circulation  of  air  thus  created  is  quite  sufficient 
for  the  combustion  of  the  charred  substance. 

The  substance  which  it  is  intended  to  incinerate  (about  100  grammes) 
is  first  dried  at  212°  or  230°.  Succulent  roots  and  fleshy  fruits  are 
cut  in  slices  and  laid  on  glass  plates.  The  dried  substance  is  weighed, 
and  then  put  into  a shallow  platinum  or  porcelain  dish,  or,  better  still, 
in  a shallow  platinum  or  porcelain  capsule,  fitting  exactly  in  the 
muffle  ; the  dish  or  capsule  is  introduced  into  the  latter,  which  is  then 
gradually  heated.  When  the  evolution  of  empyreumatic  products  ceases, 
the  heat  is  a little  increased,  but  not  beyond  a very  faint  redness  not  visible 
in  daylight.  At  this  temperature,  which  is  not  sufficiently  high  to  fuse 
either  chloride  of  sodium  or  pyrophosphate  of  soda,  the  carbon  burns  with 
feeble  incandescence,  and  12  hours  suffice  to  produce  a quantity  of  ash  free 
* Ann.  d.  Chem.  und  Pharm.,  54,  353.  t Ibid,  73,  366 
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from  carbon,  sufficient  for  tlie  purposes  of  analysis.  Substances  to  which 
tbis  mode  of  incineration  is  unsuited,  are  cbarred  first  at  a gentle  red  heat 
in  a large  covered  platinum  or  hessian  crucible,  and  the  cbarred  mass  is 
subsequently  incinerated  in  the  muffle.  As  a general  rule,  the  operator  bad 
always  better  refrain  from  stirring  the  mass  in  progress  of  incineration, 
since  this  would  tend  to  diminish  tbe  porosity.  According  to  Strecker , 
no  chloride  of  sodium  volatilises  in  tbis  process  of  incineration. 

The  asli  obtained  is  weighed,  reduced  to  powdcr,  properly  mixed,  and 
kept  in  a well-stoppered  bottle. 

2.  Incineration  in  the  dish , with  the  aid  of  an  artificial  current  of  air. 
(F.  Schulze.)* 

Char  tbe  organic  substance,  properly  dried  at  212°  and  weighed,  in 
a platinum  or  hessian  crucible,  at  a gentle  red  heat,  and  transfer  tbe 
cbarred  mass  to  a shallow  platinum  dish  ; put  a triangle  of  platinum  wire 
across  the  dish,  and  place  on  the  triangle  a common  lamp  chimney, *)*  which 
may  be  secured  in  position,  if  desirable,  by  means  of  a retort  holder. 
Apply  heat  by  gas  or  spirit-lamp  to  the  dish.  The  increased  current 
of  air  caused  by  the  chimney,  and  which  may  be  regulated,  by  taking 
a longer  or  shorter  one,  and  placing  it  higher  or  lower,  suffices  to  effect 
the  complete  incineration,  even  of  the  cereal  grains,  at  the  temperature 
of  the  spirit-lamp. £)  When  the  incineration  is  completed,  weigh  the  ash, 
and  proceed  as  in  1. 

3.  Incineration  in  the  muffle,  with  addition  of  baryta  ( Strecker , Annal. 
der  Chem.  und  Pharm.,  73,  366). 

Dry  the  organic  substance  at  212°,  and  char  it  slightly,  in  a porcelain 
or  platinum  dish.  Moisten  the  cbarred  mass  with  a concentrated 
solution  of  pure  hydrate  of  baryta  in  sufficient  quantity  to  leave  after 
the  incineration  of  the  mass,  a mixture  of  about  equal  parts  by  weight 
of  ash  and  baryta.  Dry  the  moistened  mass  again,  and  then  burn  it  in 
the  muffle  at  the  lowest  possible  temperature.  The  ash  is  kept  from 
fusion  by  the  baryta ; it  remains  bulky  and  loose,  and  thus  permits  a com- 
plete combustion  of  the  carbon. 

The  residue  must  still  contain  a considerable  excess  of  carbonatc  of 
baryta.  If  this  is  not  the  case,  there  is  reason  to  apprehend  a loss  of 
sulphur  or  phosphorus,  and  it  is  therefore  in  that  case  advisable  to  inci- 
nerate  a fresh  portion  of  the  vegetable  substance  with  a larger  addition  of 
baryta  than  has  been  used  with  the  first  portion. 

Reduce  the  incinerated  residue  to  afine  powder,  mix  this  intimately,  and 
keep  it  in  a well-stoppered  bottle. 

* Communicated  to  me  by  letter. 

f Instead  of  a cliimney  a sufficiently  wide  neck  of  a retort  may  be  used. 

+ F.  Schulze  employs  this  metliod  also  for  the  incineration  of  Alters ; he  places  the  crucible 
with  the  filter  in  the  dish. 


ANALYSIS  OF  THE  ASHES  OF  PLANTS. 


517 


§214.] 


4.  Incineration  with  the  aid  of  spongy  platinuni  ( II . Rose). 

Cliar  about  100  grammes  of  the  substance,  dried  at  212°,  in  a plati- 
nurn  or  clay  crucible,  at  a dull  red  heat ; reduce  the  charred  mass  to 
a fine  powder  by  trituration  in  a porcelain  mortar  ; mix  the  powder  most 
intimately  with  from  20  to  30  grammes  of  spongy  platinum  ; transfer  the 
mixture  in  portions  to  a shallow  thin  platinum  dish,  and  heat  over  gas  or  a 
lamp  with  double  draught.  After  a short  time,  and  before  the  mixture  is  in 
a state  of  ignition,  every  particle  of  carbon  begins  to  glimmer,  and  a gray 
layer  speedily  covers  the  surface  of  the  black  mixture.  By  diligent  and 
cautious  stirring  with  a little  platinum  spatula,  the  surface  is  renewTed,  and 
the  combustion  promoted.  As  long  as  the  mass  coutains  unconsumed 
carbon,  glimmering  is  observed  ; but,  wlien  the  carbon  is  entirely  burnt, 
all  visible  incandescence  ceases,  even  though  a stronger  heat  be  applied. 
When  the  incineration  is  completed,  mix  the  mass  uniformly,  dry  quickly, 
and  weigh.  Deduct  from  the  weight  that  of  the  platinum  added;  the  dif- 
ference  expresses  the  wreigbt  of  the  ash. 


B.  Analysis  of  the  ash. 


§ 214. 

Before  proceeding  to  the  description  of  the  analytical  process,  I have  to 
remark  that  of  the  metliods  of  incineration  described  in  the  preceding 
paragraph,  the  two  first  (1  and  2),  when  properly  executed,  fully  answer 
the  purpose  in  most  cases ; as  the  results  obtained  are  usually  inac- 
curate  only  in  so  far  as  regards  carbonic  acid  and  sulphur.*  Now  the 
quantitative  estimation  of  the  carbonic  acid  is  not  more  accurate  in  the 
other  two  methods  ; and  the  determination  of  the  amount  of  sulphuric 
acid  in  the  ash  of  a vegetable  substance  is  a matter  of  comparatively  little 
value,  as  it  affords  no  clue  to  the  sulphur  present  in  the  form  of  sulphuric 
acid,  nor  to  the  total  amount  of  sulphur  in  the  plant.  As  regards  the 
sulphur,  therefore,  the  safest  way  is  to  determine  that  element  in  a separate 
portion  of  the  vegetable  substance  under  examination,  in  the  manner 
directed  § 156. 

I have  deemed  tliis  observation  necessary  to  explain  why  the  analytical 
process  which  I am  now  on  the  poiut  of  describiug  refers  exclusively  to 
ashes  prepared  by  the  method  1 or  2,  and  which  accordingly  contain 
no  cxtraneous  admixture  of  baryta  or  platinum.  The  modifications 
which  tliis  process  may  requirc  in  cases  wliere  the  incineration  of  the 
vegetable  substance  has  been  efifected  by  the  method  3 or  4,  are  only 
trifling,  and  such  as  will  readily  suggest  themselves. 

According  to  their  principal  constitucnts,  the  ashes  of  plants  may  be 
classed  under  the  following  heads  : 

* Comparo  also  Way  and  Ojston,  Liebig  and  Kopp's  Annual  Report,  1849,  418. 
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a.  Ashes  in  which  carbonat es  of  the  alkalies  and  alkaline  earths  pre- 
dominate ; e.  g.  tlie  ashes  of  woods,  of  herbaceous  plants,  &c. 

b.  Ashes  in  which  phosphates  of  the  alkalies  and  alkaline  earths  pre- 
dominate  ; to  this  dass  belong  the  ashes  of  nearly  all  kinds  of  seeds. 

c.  Ashes  in  which  silicic  acid  predominates  ; e.  g.  those  of  the  stalks 
of  the  graminese,  of  the  equisetacese,  &c. 

Althougli  it  is  quite  obvious  that  the  limits  between  the  different  classes 
cannot  be  drawn  very  strictly,  this  Classification  must  yet  be  maintained, 
in  order  to  impart  a certain  degree  of  clearness  and  simplicity  to  the 
analytical  methods  which  I am  now  going  to  describe  ; for  the  general 
process  requires  of  course  certain  modifications  according  to  the  dass  to 
which  the  ashes  under  examiuation  belong. 

a.  Qualitative  analysis. 

As  the  constituents  are  known  which  are  usually  found  in  the  ashes  of 
all  plants,  a complete  qualitative  analysis  of  every  kind  of  ash  which  may 
happen  to  come  under  the  notice  of  the  chemist  would  be  superfluous. 
A few  preliminary  experiments  suffice  to  ascertain  the  presence  or  absence 
of  the  more  rarely  occurring  constituents,  and  also  more  particularly  to 
fix  the  dass  to  which  the  ash  under  examiuation  belong.  These  experi- 
ments are  as  follows : 

1.  The  ash  under  examination  is  heated  with  concentrated  hydro- 
chloric  acid,  to  see  whetlier  it  is  completely  decomposed  thereby  or 
not.  If  the  ash  strongly  effervesces  when  the  acid  is  poured  over  it,  this 
may  be  taken  as  a proof  of  its  decomposability  by  that  agent.  The  ashes 
of  the  stalks  of  the  graminese,  &c.,  which  abound  in  silicic  acid,  are 
usually  the  only  kind  that  resist  complete  decomposition  by  hydrochloric 
acid. 

2.  If  the  hydrochloric  acid  solution  of  an  ash  is,  after  Separation  of 
the  silicic  acid,  mixed  with  an  alkaline  acetate,  or  if  it  is  neutralised  with 
ammonia,  and  free  acetic  acid  is  then  added,  a gelatinous  yellowish  white 
precipitate  of  phosphate  of  sesquioxide  of  iron  will  almost  invariably 
separate.  Now,  it  is  necessary  to  ascertain  whetlier  the  ash  contains  any 
phosphoric  acid  besides  that  in  this  precipitate.  For  this  purpose  the  fluid  is 
filtered  from  the  precipitate,  and  ammonia  in  excess  added  to  the  filtrate  ; 
if  this/aiY«  to  produce  a precipitate,  or  if  the  precipitate  produced  is  red, 
and  consists  accordingly  of  hydrated  sequioxide  of  iron,  this  is  a proof 
that  the  ash  contains  no  more  phosphoric  acid  ; but  if,  on  the  contrary, 
a white  precipitate  is  formed  (phosphate  of  lime,  and  phosphate  of  mag- 
nesia  and  ammonia),  this  is  a positive  proof  that  the  ash  contains  more 
phosphoric  acid  than  is  combined  with  the  sesquioxide  of  iron  present, 
and  is  consequently  to  be  classed  under  the  second  head. 

3.  The  ash  is  tested  for  manganese , by  mixing  a small  portion 
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with  carbonate  of  soda,  and  exposing  the  mixture  on  platinum  foil 
to  the  outer  flame  of  the  blowpipe.  (Compare  “ Elementary  instruction 
in  Qualitative  Analysis.”) 

4.  The  ash  is  tested  for  iodine,  bromine,  fluorine,  and  other  occa- 
sional  ingredients  of  vegetable  ashes,  if  it  is  desirable  to  ascertain  whether 
traces  of  them  are  present.  (Compare  “ Elementary  instruction  in  Quali- 
tative Analysis.”) 

b.  Quantitative  analysis. 

I.  Ashes  in  whick  the  carbonat es  of  the  alh altes  or  alkaline  earths 
predominate,  and  in  ivhich  the  ivhole  of  the  phosphoric  acid  present  is 
combined  with  sesquioxide  of  iron. 


§ 215. 

The  ash  is  divided  into  three  portions,  which  \ve  will  call  A,  B,  and  C. 
In  C we  determine  the  carbonic  acid.* 

In  B the  chlorine. 

In  A the  remaining  constituents. 

A. 

1.  Determination  of  the  silicic  acid,  charcoal,  and  sand. 

From  four  to  five  grammes  of  the  ash  are  introduced  into  a flask,  and 
concentrated  hydrochloric  acid  is  now  added,  the  flask  being  held  in  an 
oblique  position,  to  preclude  the  carrying  away  of  small  quantities  of  the 
fluid  by  the  evolved  carbonic  acid ; a gentle  heat  is  then  applied  until  no 
more  undecomposed  ash  is  visible,  with  the  exception  of  the  carbonaceous 
and  sandy  particles  which  are  almost  invariably  present,  and  may  be 
readily  distinguished.  The  solution  is  now  carefully  transferred  to  a por- 
celain  dish,  and  evaporated  to  dryness  on  the  water-bath ; the  residue  is 
then  heated,  with  frequent  stirring,  until  all  the  lumps  have  crumbled  to 
pieces  ; the  temperature  in  this  process  must  not  be  raised  above  212° 
(compare  § 111.  II.  a.).  If  the  ash  effervesces  only  feebly  when 
treated  with  hydrochloric  acid,  the  operator  need  not  use  the  flask  at  the 
commencement  of  the  process,  but  he  may  conduct  the  Operation  at  once  in 
the  porcelain  dish,  taking  care  simply  to  cover  the  latter  with  a glass 
plate. 

The  dry  residue  is,  after  cooling,  moistened  with  concentrated  hydro- 
chloric acid,  which  is  allowed  to  act  upon  it  for  the  space  of  about  thirty 
minutes  ; the  mass  is  then  heated  with  a proper  quantity  of  water,  to  inci- 

* The  estimation  of  the  carbonic  acid,  though,  as  we  have  seen  above,  of  no  great  value 
in  itself,  is  yet  necessary  to  complete  the  analysis,  and  thus  to  supply  a certain  control. 
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pient  ebullition,  and  the  acid  fluid  afterwards  passed  through  a tared  Alter, 
made  of  strong  paper  and  dried  at  212°. 

The  silicic  acid  remains  upon  the  Alter,  mixed  with  charcoal  and  sand, 
if  the  ash  contains  the  latter  suhstances.  The  mass  upon  the  Alter  is 
thoroughly  washed,  carefully  dried,  and  suhsequently  transferred  from  the 
Alter  to  a platinum  dish,  without  injuring  the  Alter.  If  the  powder  is 
perfectly  dry,  tliis  may  he  readily  accomplished,  a few  particles  of  char- 
coal alone  adhering  to  and  coloring  the  paper.  The  powder  is  now  boiled 
for  half  an  hour  with  a dilute  solution  of  pure  soda  (free  from  silicic  acid), 
or  with  a concentrated  solution  of  carbonate  of  soda,  which  gradually  effects 
the  total  solution  of  the  silicic  acid  without  aflecting  the  sand  or  charcoal 
that  may  he  present.  The  fluid  is  passed  through  the  same  Alter  as 
before,  and  the  undissolved  residue  thoroughly  washed  and  then  dried 
with  the  Alter  at  212°  until  the  weiglit  remains  constant.  The  weight  of 
the  Alter  is  deducted  from  that  of  the  residue,  wliich  is  entered  in  the 
calculation  of  the  results  as  charcoal  and  sand. 

The  flltrate  is  supersaturated  with  liydrochloric  acid,  and  the  silicic 
acid  in  it  determined  as  directed  § 111,  II.  a. 

2.  Determination  of  all  the  remaining  constituents,  with 

THE  EXCEPTION  OF  CHLORINE  AND  CARBONIC  ACID. 

The  hydrochloric  acid  solution  flltered  from  the  undissolved  silicic  acid, 
charcoal,  and  sand,  is  most  intimately  mixed  with  the  rinsing  water  ; the 
fluid  is  then  divided,  by  weight  or  measure,  into  three,  or  better  still,  four 
parts,  since  this  will  leave  one  part  for  unforeseen  accidents.  The  best 
way  of  proceeding  is  to  Alter  the  fluid  into  a measuring  flask  holding  200 
c.  c.,  and  to  All  this  up  to  the  mark  with  the  washing  water  and  with  pure 
water,  and  then  to  measure  olf  with  a pipette  three  equal  portions  of  50 
c.  c.  each  (the  fourth  portion  being  kept  in  the  flask).  We  will  call  these 
three  portions  respectively  a.  h.  and  c. 

In  a.  we  determine  phosphate  of  sesquioxide  of  iron,  and  the  alkaline 
earths,  and  also  the  free  sesquioxide  of  iron  and  the  manganese  which 
may  be  present. 

In  h.  the  alkalies. 

In  c.  the  sulphuric  acid. 

a.  Determination  of  the  phosphate  of  sesquioxide  of  iron,  $*c.,  and  of 
the  alltaline  earths. 

Mix  the  fluid  with  ammonia  until  a persistent  precipitate  is  formed,  add 
acetate  of  ammonia  and  a sufficient  quantity  of  free  acetic  acid  to  impart 
a distinctly  acid  reaction  to  the  fluid  ; application  of  a gentle  heat  will  pro- 
mote  the  Separation  of  the  yellowisli-white  precipitate,  which  consists  of 
phosphate  of  sesquioxide  of  iron  (3  TO,;,  2 Fe203,  3 110  + 10  aq). 
Filter  the  fluid  from  the  precipitate,  wasli  the  latter  with  hot  water,  dry, 


§ 215.]  ANALYSIS  OF  THE  ASHES  OF  PLANTS.  521 

ignite,  and  weigh.  Calculate  this  as  phosphate  of  sesquioxide  of  iron. 
The  formula  of  the  ignited  precipitate  is  3 P05,  2 Fe203,  (compare  § 72, 
4,  c.). 

Saturate  the  filtrate  with  ammonia  and  determine  tbe  Urne  and  magnesia 
as  directed  § 122,  B.  3.  However,  should  a precipitate  of  hydrate  of  sesqui- 
oxide of  iron  form  upon  the  addition  of  ammonia  to  the  filtrate,  this 
precipitate  must  first  be  filtered  off  and  determined;  and  should  the 
filtrate  contain  an  appreciable  quantity  of  manganese,  either  alone  or  with 
iron,  this  must  first  be  removed  by  precipitation  with  sulphide  of  ammo- 
nium  before  the  estimation  of  the  alkaline  earths  can  be  effected.  The  pre- 
cipitated  sulphide  of  manganese,  if  pure,  is  treated  according  to  § 86,  c.  ; 
if  containing  iron,  according  to  § 128. 

b.  Determination  of  tlie  alkalies. 

Evaporate  the  fluid  b.  on  the  water-bath  until  the  greater  part  of  the 
free  acid  is  removed  ; add  baryta-water  until  the  reaction  is  strongly 
alkaline  ; heat,  and  then  filter.  This  process  serves  to  remove  the  whole 
of  the  sulphuric  acid,  phosphoric  acid,  sesquioxide  of  iron,  and  mag- 
nesia.  Wash  the  precipitate  until  the  last  washings  produce  no  longer 
the  least  turbidity  in  solution  of  nitrate  of  silver ; remove  the  excess  of 
baryta  from  the  filtrate  by  means  of  carbonate  of  ammonia  mixed  with 
ammonia  ; let  the  baryta  precipitate  subside,  and  filter  the  fluid ; evapo- 
rate the  filtrate  to  dryness  in  a platinum  dish,  and  ignite  the  residue ; re- 
dissolve  and  precipitate  again  and,  if  necessary,  a tliird  time,  with  ammo- 
nia and  carbonate  of  ammonia.*  Evaporate  the  last  filtrate  to  dryness, 
ignite  the  residuary  alkaline  Chlorides  gently,  weigh,  and  separate  the 
soda  and  potassa  as  directed  § 120,  1,  a. 

N.B.  The  estimations  a.  and  b.  may  also  be  made  with  the  same  por- 
tion  of  the  fluid,  in  whicli  case  the  phosphate  of  the  sesquioxide  of  iron  is 
precipitated  as  directed  in  a.  and  the  filtrate  treated  exactly  as  directed 
§ 177,  4,  b.  This  method  may  be  resorted  to,  more  especially  if  the 
quantity  of  asli  is  small. 

c.  Determination  of  the  sulphuric  acid. 

Precipitate  the  fluid  c.  with  chloride  of  barium,  and  determine  the 
precipitated  sulphate  of  baryta  according  to  the  directious  of  § 105. 

B. 

DETERMINATION  OF  THE  CIILORINE. 

Weigh  off  a second  portion  of  the  asli  (from  one  to  two  grammes),  and 
treat  this  with  hot  water  ; filter,  acidify  the  filtrate  with  nitric  acid,  preci- 
pitate with  nitrate  of  silver,  and  determine  the  precipitated  chloride  of 
silver  according  to  the  instructions  given  in  § 112,  I.  a. 

* In  fact,  until  the  solution  of  the  gently  ignited  residue  is  no  longer  rendered  turbid 
by  ammonia  and  carbonate  of  ammonia. 
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C. 

DETERMINATION  OF  THE  CARBONIC  ACID. 

The  carbonic  acid  is  determined  in  a third  portion  of  the  ash,  accord- 
ing  to  the  directions  of  § 110,  II.  b.  ß.  (The  quantity  of  ash  to  be  used 
for  this  purpose,  depends  upon  the  greater  or  less  proportion  of  carbonic 
acid  which  it  may  contain.) 

II.  Ashes  decomposable  by  hydrochloric  acid,  which  contain  an  addi- 
tional atnount  of  phosphoric  acid,  besides  that  which  is  combined  with 
sesquioxide  of  iron. 

§ 216. 

The  general  process  is  the  same  as  described  in  I.  (§215)  ; it  requires 
certain  modifications  only  as  regards  A.  2,  a. 

When  you  have  tlirown  down  the  phosphate  of  sesquioxide  of  iron, 
take  care  that  the  phosphate  of  lime  which  may  have  precipitated  in 
conjunction  with  the  iron  salt,  be  completely  redissolved  by  acetic  acid ; 
then  precipitate  the  lime  from  the  acid  filtrate  by  means  of  oxalate  of 
ammonia  (§  81,  2,  b.  ß.).  Divide  the  filtrate  into  two  equal  parts,  and 
determine  in  one  portion  the  magnesia,  by  addition  of  ammonia  and  phos- 
phate of  soda,  in  the  other  the  phosphoric  acid,  by  addition  of  ammonia 
and  solution  of  sulphate  of  magnesia  mixed  with  chloride  of  ammonium. 
If  the  phosphoric  acid  existed  in  the  ash  as  bibasic  salts,  the  safest 
manner  is  to  evaporate  the  portion  intended  for  the  estimation  of  the 
phosphoric  acid,  ultimately  in  a platinum  dish,  to  fuse  the  residue  with 
carbonate  of  soda,  to  dissolve  the  fused  mass  in  water,  and  then  to  determine 
the  phosphoric  acid  in  the  solution  by  addition  of  ammonia  and  solution 
of  sulphate  of  magnesia  mixed  with  chloride  of  ammonium. 

If  the  ash  contain  an  appreciable  quantity  of  manganese,  this  simple 
method  cannot  well  be  employed,  as  the  manganese  w'ould  precipitate 
partly  with  the  lime,  partly  with  the  magnesia.  The  fluid  filtered  from  the 
phosphate  of  sesquioxide  of  iron  (and  which  still  contains  alkaline  acetate) 
is,  therefore,  in  such  cases,  mixed  with  sesquichloride  of  iron,  until  it 
appears  distinctly  red,  from  the  acetate  of  sesquichloride  of  iron  formed ; 
the  mixture  is  boiled  for  some  time,  and  filtered  hot.  By  this  Operation, 
all  the  phosphoric  acid  is  thrown  down,  and  the  maganese,  lime,  and  mag- 
nesia, are  obtained  in  solution  as  clilorides.  They  are  separated  as 
directed  § 127.  If  the  precipitate  of  sulphide  of  manganese  contains  iron, 
as  is  usually  the  case,  the  manganese  is  separated  from  the  iron  as  directed 
§ 128. 

N.B.  If  you  have  only  a limited  quantity  of  ash,  you  may  also  divide 
tlie  hydrochloric  acid  solution  of  the  portion  A.  into  two  parts  only,  a.  and 
b.  Treat  a.  as  just  now  directed ; mix  b . with  solution  of  chloride  of 
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barium  in  the  least  possible  excess,  and  determine  the  sulpburic  acid ; 
precipitate  tlie  pbosplioric  acid  as  directed  § 10G,  I.  c.  y.  (usmg  acetate 
of  ammonia  instead  of  acetate  of  soda),  and  determine  the  alkalies  in  the 
filtrate,  after  previous  expulsion  of  the  ammonia  salts,  and  precipitation, 
first  of  the  magnesia,  by  means  of  some  milk  of  lime,  then  of  tlie  lime  and 
baryta,  by  means  of  ammonia  and  carbonate  of  ammonia.  If  the  basic 
pbosphate  of  sesquioxide  of  iron  is  weighed,  tliis  determination  may  serve 
to  control  the  one  in  a. 


III.  Ashes  not  decomposable  by  hydrochloric  acid. 

§ 217. 

The  carbonic  acid,  which,  however,  is  rarely  found  in  ashes  of  tbis  dass, 
is  determined  according  to  the  directions  of  § 215.  The  same  applies  to 
chlorine.  The  estimation  of  the  other  constituents  demands  a preliminary 
decomposition  of  the  ash ; this  may  he  effected  in  several  ways,  as 
follows  : — 

1 . Evaporate  the  ash  with  pure  solutiou  of  soda  to  dryness,  in  a plati- 
num  or  silver  dish.  (The  results  of  many  experiments  have  shown  that 
by  this  Operation  the  silicates  in  the  ash  are  completely  decomposed, 
whilst  the  sand  which  may  be  mixed  with  the  ash  is  left  untouclied,  or,  at 
least,  nearly  so.  The  heat  must  not  be  raised  in  the  last  stage  of  the  pro- 
cess  sufficiently  high  to  fuse  the  mass.)  Pour  dilute  hydrochloric  acid  over 
the  residue,  evaporate,  treat  again  with  hydrochloric  acid,  and  proceed 
with  the  insoluble  residue  (silica,  charcoal,  and  sand),  as  directed  in 
§ 215,  A.  1 ; with  the  solution  as  directed  in  § 215,  A.  2.  The  alkalies 
cannot,  of  course,  be  determined  in  the  solution  ; they  are  estimated  in 
a separate  portion  of  the  ash,  which  for  that  purpose  is  decomposed 
either  by  hydrofluoric  acid,  or  by  fusion  with  hydrate  of  baryta  {Fresenius 
and  Will). 

2.  Way  and  Oyston*  mix  the  ash  with  an  equal  weight  of  nitrate  of 
baryta,  and  fuse  the  mixture  gradually  in  a large  platinum  crucible  (trans- 
ferring it  to  the  crucible  in  small  portions  at  a time).  By  this  process 
the  ash  is  fully  prepared  for  decomposition  by  hydrochloric  acid,  and  the 
charcoal  which  it  may  contain  is  completely  destroyed,  leaving  the  ash 
perfectly  white.  The  silicic  acid  is  separated  according  to  the  directions 
given  in  § 215,  A.  1,  and  the  sulphate  of  baryta  which  may  be  present 
determined.  Of  the  hydrochloric  acid  solution,  Way  and  Oyston  use  a 
portion  for  the  estimation  of  the  alkalies,  by  the  method  described  in 
§ 215,  A.  2,  b. ; the  remainder  they  precipitate  with  sulphuric  acid 

* Journal  of  the  Royal  Agricultural  Society,  VIII.,  Part  1 . — Liebig  and  Kopps 
Annual  Report,  1S49,  600. 
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sliglitly  in  excess.*  The  filtrate  they  divide  into  two  portions,  deter- 
mining  in  one  the  phosphate  of  sesquioxide  of  iron,  tlie  lime  and  the 
magnesia  (§  210),  and  in  the  other  the  phosphoric  acid  as  directed 
§ 106,  I.  c.  y. 

C.  CALCULATION  AND  STATEMENT  OF  THE  RESULTS. 

§ 218. 

It  is  only  recently  that  chemists  have  begun  to  turn  their  attention 
seriously  to  the  analysis  of  the  ashes  of  plants,  for  the  benefit  of  veget- 
ahle  pliysiology  and  agriculture.  The  questions  which  it  is  intended  to 
solve  by  the  analysis  of  the  ashes  of  plants,  are  principally  the  following : 

1 . Do  plants  ahsolutely  require  certain  quantities  of  certain  con- 
stituents  ? and  if  so,  what  are  these  constituents  ? 

2.  May  some  of  these  inorganic  constituents  be  replaced  by  others  ? 

3.  Ilas  every  plant  a definite  capacitv  of  Saturation,  that  is,  in  other 
terms,  is  the  amount  of  oxygen  contained  in  the  bases  present  invariably 
the  same  ? 

It  is  quite  obvious  that  a proper  and  perfectly  satisfactory  solution  of 
these  questions  can  be  expected  only  from  the  results  of  an  exceedingly 
large  number  of  analyses,  and  that  a great  many  chemists  must  contribute 
towards  such  a solution. 

Under  these  circumstances,  it  is  of  the  utmost  importance  that  the 
results  of  all  analyses  of  vegetahle  ashes  should  be  invariably  arranged 
and  reported  in  a uniform  manner,  so  that  they  may  be  compared 
readily  and  without  recalculation. 

As  the  manner  in  which  the  bases  and  acids  found  were  originally  com- 
bined  in  the  plant  cannot  be  inferred  from  the  ash  with  any  degree  of 
certainty,  and  since,  moreover,  as  I have  already  had  occasion  to  state, 
the  ashes  differ  as  regards  the  phosphates,  &c.,  according  to  the  degree 
of  heat  employed, — it  is  unquestionäbly  the  most  judicious  ivay  to  enu- 
merate  the  percentage  of  the  bases  and  acids  separately.  The  chlorine, 
however,  is  put  down  as  chloride  of  sodium,  and,  should  the  quantitv  of 
soda  present  be  insufficient,  as  chloride  of  potassium  ; the  proportion  of 
sodium  contained  in  the  chloride  is  calculated  as  soda,  and  the  calculated 
weight  subtracted  from  the  total  amount  of  soda  found  ; since,  otherwise, 
a surplus  would  be  invariably  obtained  in  the  analysis,  as  the  chloride  of 
sodium  originally  present  in  the  ash  would  be  reckoned  as  chlorine  and 
soda,  instead  of  chlorine  and  sodium.  The  manganese  which  may  be 

* As  the  quantity  of  nitrate  of  baryta  used  is  known,  an  excess  over  the  calculated  weight 
of  sulphate  of  baryta  shows  that  lime  has  been  thrown  down  together  with  the  baryta ; the 
quantity  of  sulphate  of  lime  so  thrown  down  is  calculated  from  the  excess  of  the  weight  of 
the  precipitate. 
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present  is  entered  as  protosesquioxide, 
ash. 


since  it  exists  in  that  form  in  the 


The  following  analysis  of  the  ash  of  beech  sceds,  by  Souchay,  may 
serve  as  an  illustration  : 


Potassa  .....  18*13 

Soda  ......  7'5  5 

Lime  .....  19*47 

Magnesia  . • • • . 9 25 

Sesquioxide  of  iron  . . . . 2*12 

Protosesquioxide  of  manganese  . . 2*47 

Phosphoric  acid  ....  16*53 

Sulphuric  acid  . . . . . 1*75 

Chloride  of  sodium  ....  0 69 

Silica  ......  1*49 

Carbonic  acid  . . . . . 9*11 

Charcoal  and  sand  ....  9*39 

97*95 


It  is  evident,  liowever,  that  a report  of  this  kind  is  not  sufficiently  pre- 
cise  for  an  accurate  comparison  of  the  results  with  those  of  another 
analysis,  as  we  find  here  enumerated  near  twenty  per  cent  of  substances 
which  are  altogether  immaterial,  viz.,  carbonic  acid,  charcoal,  and  sand. 
The  proportion  in  which  these  substances  are  present  in  the  ashes  of 
plants,  nay,  it  may  even  be  said,  their  very  presence,  depends  altogether 
upon  accidental  circumstances,  such  as  the  greater  or  less  care  with  which 
the  vegetable  substances  are  cleaned  previously  to  incineration,  the  degree 
of  heat  employed,  and  the  longer  or  shorter  duration  of  the  process  of 
ignition. 

To  render  the  comparison  of  the  results  obtained  in  several  analyses 
practicable,  it  is  necessary  to  strike  out  the  unessential  constituents,  viz  : 
carbonic  acid,  sand,  and  charcoal,  and  to  calculate  the  remaining  consti- 
tuents in  percentage  parts. 

With  this  correction  the  results  given  above,  may  now  be  entered  as 
follows  : 


Potassa  .....  22*82 

Soda  ......  9-50 

Lime  ......  24*50 

Magnesia  . . . . . 11-64 

Sesquioxide  of  iron  . . . . 2*67 

Protosesquioxide  of  manganese  . . . 3*11 


526 


ANALYSIS  OF  THE  ASHES  OF  PLANTS. 


[§219. 


Phosphoric  acid 
Sulphuric  acid 
Chloride  of  sodium 
Silica 


20-81 

2-20 

0- 87 

1- 88 


100-00 


To  satisfy  all  demands,  it  is  best  to  state  the  results  both  ways  ; the 
first  stateinent  will  enable  chemists  to  judge  of  tbe  degree  of  accuracy  of 
the  analysis,  the  second  will  facilitate  comparisons.  To  render  his  report 
still  more  complete,  the  analyst  may  also  calculate  the  total  amount  of 
oxygen  in  the  several  bases. 


D.  CaLCULATION  OF  THE  PERCENTAGE  PROPORTION  WHICH  THE 

SEVERAL  CONSTITUENTS  OF  THE  ASH  BEAR  IN  THE  COMPOSITION 

OF  THE  PLANT,  OR  PART  OF  A PLANT  WHICH  HAS  FURNISHED  IT. 

§ 219. 

The  usual  way  formerly  was  to  incinerate,  with  proper  caution,  a small 
weighed  portion  of  the  carefully  dried  vegetable  substance,  and  to  de- 
termine  the  total  amount  of  the  ash  ; and  then  to  incinerate  a larger  un- 
weighed  portion,  less  carefully  dried,  and  to  analyse  the  ash  obtained.  A 
simple  calculation  then  sufficed  to  find  the  percentage  proportions  of  the 
several  constituents.  For  instance  grains  of  wheat  left  upon  incineration  3 
per  cent  of  ash,  and  the  ash  contained  50  per  cent  of  phosphoric  acid : 
100  parts  of  grains  of  wheat  were  therefore  assumed  to  contain  T5  per 
cent  of  phosphoric  acid ; and  so  for  the  other  ingredients. 

This  method  is  unquestionably  most  convenient ; but,  unfortunately, 
it  does  not  give  sufhciently  accurate  results  in  all  cases,  since,  from  the 
causes  stated  in  § 213,  the  total  amount  of  the  ash  is  by  no  means  con- 
stant,  but  varies  more  or  less  within  certain  limits,  according  to  the  manner, 
intensity,  and  duration  of  the  process  of  ignition.  As  we  can,  therefore, 
in  most  cases,  never  be  sure  that  the  smaller  portion  obtained  in  the  deter- 
mination  of  the  total  weight  of  the  ash,  corresponds  exactly  in  composi- 
tion,  &c.,  with  the  larger  portion  used  in  the  actual  analysis,  it  is  always 
the  safer  plan  to  weigh  as  I have  alrcady  recommended  in  § 213,  1,  on  the 
one  hand,  the  total  quantity  of  the  (dried)  substance  intended  for  incine- 
ration and,  on  the  other  hand,  the  total  amount  of  ash  obtained  and 
intended  for  analysis. 

If  you  wish  to  avoid  this,  you  may  also  attain  the  end  in  view  in 
another  manner,  viz.,  by  incinerating,  a large  unweighed  portion  of  the 
vegetable  substance,  analysing  the  ash,  and  determining  thus  the  relative 
proportions  between  the  several  ingredients ; then  incinerating  a smaller 
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weighed  portion,  dried  at  212°  and  determining  in  the  ash  one  of  those 
ingredients  which  are  not  liable  to  the  least  change  in  quantity  from  the 
mode  of  incineration,  lime,  for  instance.  As  hoth  the  relative  quantity  of 
this  substance  in  the  composition  of  the  plant,  and  the  proportion  between 
it  and  the  other  ingredients  of  the  ash,  are  known,  it  is  easy  to  calculate 
from  these  data  the  pcrcentage  proportion  also  which  the  other  ingredients 
of  the  ash  bear  in  the  composition  of  the  plant. 


IV.  ANALYSIS  OF  SOILS.* 

§ 220. 

The  proposition  heing  fully  established  that  every  plant  requires  for  its 
growth  and  development  certain  inorganic  matters  which  are  supplied  by 
the  soil  in  which  it  grows,  it  is  self-evident  that  the  knowledge  of  the  com- 
position of  the  soil  must  be  a subject  of  paramount  importance  to  the 
practical  farmer,  to  enable  him  hoth  to  judge  to  what  kind  of  plants  a 
given  soil  will  afford  the  requisite  nutriment,  and  to  adapt  a soil  for  the 
cultivation  of  a certain  plant,  by  a proper  supply  of  the  necessary  manure. 

But  as  plants  can  absorb  by  their  roots  suhstances  in  a state  of  Solu- 
tion only,  it  is  not  sufficient  for  their  growth  and  proper  development  that 
the  ingredients  should  be  present  in  the  soil  ; but  it  is  necessary,  more- 
over,  that  they  should  be  present  in  a form  admitting  of  their  absorption. 
If  therefore,  the  analysis  of  a soil  is  to  enable  the  agriculturist  to  judge  of 
its  suitableness  for  the  cultivation  of  a certain  plant,  it  must  inform  him 
not  only  of  the  nature  of  the  constituents  of  the  soil,  but  also  of  the  form, 
or  state  in  which  these  constituents  are  present. 

In  this  sense  the  inorganic  constituents  of  the  soil  may  be  ranged  under 
three  heads  : 

1.  Substances  which  dissolve  in  water. 

2.  Substances  which,  though  not  dissolving  in  water,  dissolve  in  dilute 
acids. 

3.  Substances  which  dissolve  neither  in  water  nor  in  dilute  acids. 

The  substances  belonging  to  the  first  dass  are  supplied  directly  to  the 

* I cannot  begin  this  chapter  without  expressing  my  wärmest  thanks  to  Professor  Otto  for 
the  great  benefit  which  I have  derived  from  his  excellent  paper  on  the  analysis  of  soils,  in 
Sprenge?  s Bodenkunde. 
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plants  with  the  water  which  thev  absorb  from  the  soil.  The  absorption 
of  the  substances  of  the  second  dass  is  somewhat  more  difficult,  since 
these  are  rendered  soluble  only  by  the  agency  of  carbonic  acid,  and  of  the 
acid  products  of  decaying  organic  matters  (acids  of  humus).  The  substances 
belongiug  to  the  tliird  dass  require  a thorough  modification,  before  tbey 
can  exercise  any  influence  upon  the  development  of  plants  ; and  this 
they  sulfer  slowly  and  gradually  by  progressive  disintegration,  and  decom- 
position. 

The  substances  which  are  soluble  in  water  serve  therefore  for  immediate 
use,  whilst  those  soluble  in  acids,  though  exercising  a more  permanent 
action,  are  rendered  efficient  only  by  the  presence  of  decaying  organic 
matters  ; and  those,  lastly,  which  are  insoluble  both  in  water  and  dilute 
acids,  afford  a prospect  of  future  nourishment,  although  their  nutritive 
properties  are  unavailable  for  the  present. 

But,  besides  the  inorganic  constituents,  there  are  found  in  most,  in  fact 
nearly  in  all  soils,  organic  substances  (vegetable  and  animal  remains,  and 
the  products  of  their  decomposition).  That  these  organic  substances 
exercise  a material  influence  on  the  fertility  of  the  soil,  is  unquestionable  ; 
and,  whatever  views  may  be  entertained  as  to  the  manner  of  this  influence, 
this  much  is  certain,  that  it  is  highly  important  to  obtain  a knowledge  of 
the  kind  and  nature  of  the  organic  constituents  contained  in  a soil,  and  of 
their  quantity. 

Having  thus  briefly  designated  the  object  which  we  wish  to  attain  by 
the  analysis  of  soils,  I will  now  proceed  to  point  out  the  proper  way  to 
attain  this  object  in  a simple  and  satisfactory  manner,  treating,  in  tlie 
first  place,  of  the  analytical  process,  and  in  the  second  place,  of  the  mode 
of  arranging  and  stating  the  results  obtained.  To  enter  into  a minute 
investigation  into  the  physical  and  mineralogical  condition  of  soils,* 
or  to  draw  from  the  analytical  results  conclusions  for  the  practical  purposes 
of  agriculture,  would  clearly  be  altogether  beside  the  purpose  of  the 
present  work. 

The  quantitative  analysis  of  a soil  is  of  course  always  preceded  by  a 
qualitative  examination.  For  tlie  processes  of  the  latter  I refer  to  my 
work  on  Qualitative  Analysis,  eighth  editiou,  § 203. 

* Ample  Information  on  the  subject  of  the  physical  and  mineralogical  conditions  of 
soils  may  be  found  in  Fr.  Schulze  s paper,  “ Anleitung  zur  Untersuchung  der  Ackererden 
auf  ihre  wichtigsten  physikalischen  Eigenschaften  und  Bestandtheile.” — Journal  f.  prakt. 
Ckem.  Bd.  47,  241. 
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A.  The  analytical  process. 

§ 221. 

The  soil  is  dried  in  the  air,  and  tlien  mixed  as  uniformly  as  practica- 
ble,  but  not  triturated.  The  processes  a.,  b.,  and  c.,  are  commenced  simul- 
taneously,  and  a portion  of  the  soil  is  kept  in  a stoppered  bottle  to 
enable  the  analyst  to  repeat,  if  necessary,  either  of  the  analytical  pro- 
cesses. 

a.  Determination  of  the  water. 

Dry  1 0 grammes  of  the  soil  in  the  water-bath  until  the  weight  remains 
constant,  and  determine  the  loss.  (The  dried  soil  is  kept  for  the  pro- 
cess  ff.) 

b.  Determination  of  the  constituents  soluble  in  water. 

Prepare  an  aqueous  extract  of  the  soil,  either  strictlv  according  to  the  * 
directions  of  § 204  of  Fresenius 's  Qualitative  Analysis,  or  in  the  following 
somewhat  modified  manner,*  which  requires  the  use  of  a three-necked 
Woulfs  bottle,  provided  also  with  a lateral  tubulated  orifice  in  the  lower  part. 
A wide  glass  cylinder  open  at  the  top  and  narrowing  towards  the  lower  end 
(a  percolator,)  and  which  holds  about  1000  grammes  of  soil,  fits  air-tight 
into  the  middle  neck.  Push  down  into  the  narrow  part  of  the  percolator  a 
loose  plug  of  sponge,  spread  over  this  a layer  of  pure  sifted  gravel,  and 
cover  the  latter  again  with  a thick  layer  of  washed  fine  sand  introduce 
now  the  portion  of  the  soil  intended  for  the  process.  Fit  a tube  con- 
nected with  a hand  air-pump  into  one  of  the  other  two  necks,  and  close 
the  third  neck  and  the  lower  opening.  Moisten  the  soil  with  w'ater, 
pouring  on  from  time  to  time  a fresh  quantity,  and  continuing  in  this  way 
for  24  hours  ; then  rarify  the  air  in  the  bottle  by  means  of  the  hand- 
pump, which  will  force  the  water  charged  wfith  the  soluble  parts  of  the 
soil  more  rapidly  from  the  percolator  into  the  bottle.  When  the  latter 
is  nearly  full  remove  the  stopper  from  the  third  neck,  place  a vessel 
under  the  lower  opening  to  receive  the  fluid,  and  then  remove  the  stopper. f 
The  solution  so  obtained  is  perfectly  clear  ; the  process  of  extracting  may 
be  continued  at  pleasure,  if  the  layers  of  gravel  and  sand  are  properly 
disposed. 

When  the  soil  ceases  to  yield  to  the  water  a perceptible  quantity  of 
soluble  matter, % measure  or  weigh  the  aqueous  extract  obtained,  and 

* Professor  Fr.  Schulze — communicated  to  me  by  letter. 

f If  your  Woulf’s  bottle  is  not  provided  with  a lower  opening,  you  must  remove  the  fluid 
from  it  with  the  aid  of  a syphon. 

+ Total  extraction  can  hardly  ever  bc  effected,  and  least  so  in  the  case  of  soil  contain- 
ing  gypsum. 
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clivide  it  into  tlirec  parts,  a,  ß,  and  y ; let  the  first  portion  be  one-half, 
tlie  two  latter  one  quarter  eacli. 

Evaporate  a in  a platinum  dish,  dry  the  residue  at  212°,  until  it  ceases 
to  lose  weight,  and  wcigh.  Enter  this  as  the  total  amount  of  the  con- 
stituents  soluble  in  water.  Ignite  the  residue  gently  for  some  time, 
and  weigh  again.  Put  down  the  loss  as  organic  substances,  nitric  acid, 
and  ammonia,  if  the  qualitative  analysis  lias  revealed  the  presence  of 
tliese  bodies.* 

Pour  a little  hydrochloric  acid  over  the  residue,  evaporate  to  dryness, 
redissolve  in  hydrochloric  acid  and  water,  and  filter.  On  the  filter  re- 
mains  the  silicic  acid,  mixed  often  with  some  charcoal,  which,  however,  is 
destroyed  upon  ignition.f  Mix  the  filtrate  with  chlorine  water,  and  add 
ammonia.  If  a precipitate  forms,  this  may  contain  sesquioxide  of  iron, 
sesquioxide  of  manganese,  phosphoric  acid,  and,  according  to  circumstances, 
also  Urne  and  magnesia.  Filter,  dissolve  the  precipitate  in  hydrochloric 
* acid,  and,  if  the  quantity  of  the  precipitate  was  sufficiently  large  to  per- 
mit  it,  separate  the  sesquioxide  of  iron,  sesquioxide  of  manganese,  &c.,  by 
the  methods  given  in  § 215  or  § 216.  The  filtrate  usually  contains  still 
some  lime  and  magnesia,  in  which  case  it  no  longer  contains  phosphoric 
acid  and  is  treated  as  directed  § 177,  4,  b.,  to  determine  the  lime,  mag- 
nesia, soda,  and  potassa. 

If  the  filtrate  contains  no  alkaline  earths,  but  phosphoric  acid  in  com- 
bination  with  alkalies,  treat  it  as  directed  § 106,  II.  a. 

In  ß determine  the  sulphuric  acid  and  chlorine  (§  135,  b.  1). 

In  y determine  the  carbonic  acid  which  may  be  present,  by  evaporating 
the  fluid  down  to  a small  bulk,  and  treating  this  (the  fluid  together  with 
the  precipitate)  as  directed  § 110,  II.  b.  ß.  If  the  qualitative  analysis 
has  shown  the  presence  of  alkaline  carbonates  in  the  aqueous  extract,  it 
may  be  neeessary  to  determine  the  carbonic  acid  separately  in  the  preci- 
pitate and  in  the  fluid. 

c.  Determination  of  the  constituents  soluble  in  dilute  hydrochloric 
acid. 

Treat  25  grammes  of  the  air-dried  soil  with  water  in  the  manner 
described  in  the  qualitative  analysis  (preparation  of  the  aqueous  extract)  ; 
transfer  to  a porcelain  dish,  and  add  water  until  the  mass  has  the  con- 
sistence  of  a thin  paste ; add  hydrochloric  acid  gradually  in  proper  ex- 
cess  (if  effervescence  ensues,  in  small  portions  at  a time).  Heat  it  for 


* If  considerable  quantities  of  salts  of  ammonia  are  present,  the  ammonia  is  determined 
in  a separate  portion  of  the  aqueous  extract,  in  the  same  way  as  in  a mineral  water  (see 

§ 177,  8). 

f If  the  aqueous  extract  was  not  quite  clear,  the  silicic  acid  ohtained  in  the  process  above 
described  is  mixed  with  clay,  from  which  it  must  be  separated  by  boiling  with  solution  of 
carbonate  of  soda. 
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from  one  to  two  hours  on  the  water-bath,  filter,*  and  wasli  until  the  water 
running  off  has  lost,  or  nearly  so,  all  acid  reaction  ; add  the  wasliings  of 
the  filtrate,  measure  the  whole  fluid,  and  divide  it  into  five  portions. f 

Determine  in  1 the  sulphuric  acid  as  directed  § 105. 

In  2 the  phosphoric  acid  according  to  the  directions  of  § 106,  I.  b.  ß. 

In  3 the  protoxide  of  iron%  according  to  the  directions  of  § 89,  2,  a. 

In  4 the  total  amount  of  the  iron,  according  to  § 206. 

Evaporate  5,  with  addition  of  some  nitric  acid,  to  dryness,  and  separate 
the  silicic  acid  (§  111,  II.  a.)  ; mix  the  hydrochloric  acid  solution  with 
chlorine  water,  then  add  ammonia,  Alter,  wash  the  precipitate,  and  dissolve 
in  hydrochloric  acid ; add  again  chlorine  water,  and  then  precipitate  with 
a solution  of  bicarbonate  of  soda.  Wash  the  precipitate,  dry,  ignite,  and 
weigh  : it  contains  all  the  iron,  in  the  form  of  sesquioxide,  all  the  alumina, 
all  the  manganese,  in  the  form  of  protosesquioxide,  and  all  the  phosphoric 
acid.  If  you  deduct  from  this  weight  the  joint  weight  of  the  sesquioxide 
of  iron  and  the  phosphoric  acid,  as  determined  respectively  in  2 and  4, 
you  learn  the  collective  weight  of  the  alumina  and  the  protosesquioxide  of 
manganese  ; and  by  determining  either  the  former  as  directed  § 128,  B.  1, 
or  the  latter  as  directed  § 128,  B.  10,  c.,  you  learn  the  separate  weight  of 
each. 

In  the  fluid  filtered  from  the  precipitate  produced  by  ammonia,  deter- 
mine the  lime,  the  magnesia,  and  the  alkalies,  as  directed  § 1 77,4,  b. 
If  the  fluid  filtered  from  the  precipitate  produced  by  bicarbonate  of  soda 
contains  still  traces  oflime  and  magnesia,  determine  them  separately  and 
add  to  the  principal  quantities. 

A weighed  portion  of  the  residuary  soil  remaining  after  the  treatment 
with  water  (see  b.)  is  treated  according  to  the  directions  of  § 1 10,  II.  b.  ß., 
to  determine  the  carbonic  acid  contained  in  the  insoluble  carbonates  in  the 
soil. 

d.  Determination  of  those  constituents  which  are  insoluble  both  in  water 
and  dilute  acids. 

Dry  the  residuary  soil  left  after  the  treatment  with  hydrochloric  acid 
(see  c.)  ; sift  the  stones  from  the  clay  and  sand,  and  treat  the  mixture 
of  the  two  latter  bodies  as  directed  § 201  or,  according  to  circumstances, 

§ 202. 

e.  Determination  of  the  acids  ofhumus  ( ulmic  acid,  humic  acid,  geic  acid). 

* The  best  way  is  to  transfer  first  the  large  fragments  of  the  undissolved  Sediment  to  the 
filter,  and  then  pour  the  fluid  upon  it,  otherwise  the  minute  particles  suspended  in  the  latter 
might  tend  to  stop  up  the  pores  of  the  filter. 

+ If  the  earth  contains  organic  matters  in  somewhat  considerable  quantity,  the  25 
grammes  extracted  with  water  are,  previously  to  the  treatment  with  hydrochloric  acid, 
gently  ignited  with  access  of  air,  until  the  organic  matter  is  completely  destroyed. 

+ This  experiment  can  be  made  only  if  the  earth  has  not  bcen  ignited  previously  to  the 
treatment  with  hydrochloric  acid. 
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Digest  from  10  to  100  grammes  of  the  earth  (according  as  tlie  qualita- 
tive analysis  bas  sliown  tlie  presence  of  a smaller  or  greater  quantity 
of  tlie  acids  of  humus)  for  several  hours,  at  from  J 76°  to  194°  witli  a 
solution  of  carbonate  of  soda ; filter.  Mix  tlie  filtrate  witli  liydrocbloric 
acid  to  sliglitly  acid  reaction  ; tlie  acids  of  humus  will  separate  in  the 
form  of  brown  flakes.  Collect  these  flakes  on  a weighed  filter,  wasli  until 
tlie  water  begins  to  appear  colored  ; dry,  and  weigb.  Burn  the  dry  mass, 
deduct  tlie  weight  of  tlie  asb  (after  subtracting  the  filter  asb)  from  tliat  of 
the  dry  mass,  and  put  tlie  difference  down  in  the  calculation  as  acids  of 
humus. 

f.  Estimation  of  the  so-called  humus  coal  (ulmine  and  humine). 

Boil  a quantity  of  the  earth  equal  to  tliat  taken  in  e.,  in  a porcelain  dish, 
for  several  hours  witli  solution  of  potassa,  replacing  tlie  evaporating  water 
from  time  to  time.  Dilute,  filter,*  and  wash.  Determine  tlie  total 

amount  of  the  acids  of  humus  present  in  tlie  same  manner  as  in  e.  The 
difference  between  the  weights  obtained  respectively  in  e.  and  f.,  expresses 
the  quantity  of  humic  acid  which  has  beeil  formed  from  the  ulmine  or 
humine  by  the  process  of  boiling  witli  potassa  ; enter  it  in  the  calculation 
as  humus  coal. 

g.  Determination  of  the  organic  matter  which  has  not  as  yet  suffered 
conversion  into  humic  acid,  humus  coal,  or  similar  products. 

Heat  the  residuary  dry  soil  left  in  a.  (and  which  corresponds  to  ten 
grammes  of  fresh  soil)  in  a platinum  dish,  until  all  organic  substances 
are  destroyed  ; moisten  the  residue  with  solution  of  carbonate  of  ammo- 
nia,  evaporate,  ignite  very  gently,  and  weigb.  The  loss  of  weight 
suffered  in  the  process  expresses  the  total  amount  of  organic  matter 
present  in  the  soil ; deduct  from  tliis  the  collective  weight  of  e,  and  f. 
(the  humus  acids  and  humus  coal),  and  put  the  difference  down  in 
the  calculation  as  organic  matters.  It  is  evident  tliat  tliis  method 
of  determining  the  latter  cannot  give  very  accurate  results,  since,  of 
course,  the  water  which  the  dry  earth  yields  upon  ignition  goes  to 
swell  the  apparent  quantity  of  the  organic  matters.  The  safer  way 
therefore  is,  in  cases  demanding  a higher  degree  of  accuracy,  to  deter- 
mine the  carbon  in  the  soil  by  the  method  of  organic  elementary  ana- 
lysis, in  which  case  eitlier  the  carbonic  acid  found  in  the  form  of  car- 
bonates  is  deducted  from  the  total  amount  of  carbonic  acid  obtained,  or 
the  carbonates  are  first  completely  removed  from  tlie  earth  by  treating 
with  dilute  l^drocliloric  acid  and  thorough  wasliing,f  before  the  combus- 


* If  the  quantity  of  the  humus  coal  is  very  considerable,  the  fluid  alone  is  poured  on  the 
filter  at  first,  and  the  Sediment  boiled  once  more  with  solution  of  potassa,  before  it  is  trans- 
ferred to  the  filter. 

+ The  quantity  of  organic  substance  dissolved  in  this  process  is  mostly  so  trifling  that  it 
may  safely  be  disregarded. 
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tion  with  oxide  of  copper  is  proceeded  with.  As  the  oxide  of  copper  need 
not  be  very  carefully  dried,  and  as  the  determination  of  the  water  is 
omitted,  the  process  is  much  simpler  than  an  ordinary  elementary  analysis. 
According  to  Fr.  Schuhe,  every  58  parts  of  carbon  correspond  on  an 
average  to  100  parts  of  organic  matter  in  the  soil,  and  every  GO  parts  of 
carbon  to  100  parts  ofhumus  substances.  Schulze  determines  the  carbon 
in  a soil  by  fusing  the  earth,  freed,  if  necessary,  from  carbonates,  with 
bichromate  of  potassa  in  excess  in  a retort,  collecting  the  carbonic  acid 
evolved  over  water  with  some  oil  floating  on  the  surface,  and  rneasuring  it. 

h.  Determination  of  the  nitrogen  in  a soil. 

This  is  effected  in  strict  accordance  with  the  directions  of  § 155  (deter- 
mination of  nitrogen).  The  quantity  of  soil  to  be  subjected  to  the  analy- 
tical  process  depends  upon  the  greater  or  less  proportion  of  nitrogen 
present.  The  weight  of  the  nitrogen  being  included  already  in  the  results 
of  g.,  it  is  not  enumerated  separately  in  the  list. 

i.  Determination  of  ivaxy  and  resinous  substances. 

Waxy  and  resinous  substances  are  found  in  appreciable  quantities  in  some 
kinds  of  soil  only.  Their  determination  may  be  effected  in  the  following 
manner:  dry  100  grammes  of  the  soil  in  the  water-bath,  boil  repeatedly 
with  strong  alcohol,  collect  the  filtrates  in  a flask,  and  distil  half  of  the 
aleohol  off.  Let  the  mixture  cool,  which  will  cause  the  wax  to  separate. 
Collect  this  on  a weighed  filter,  wash  with  cold  spirits  of  wine,  and 
determine  the  weight.  Evaporate  the  filtrate  (in  the  last  stage  of  the 
process  with  addition  of  water),  until  the  alcohol  is  completely  removed  ; 
wash  the  separated  resin  with  water,  dry,  and  weigh.  If  the  quantity  of 
wax  and  resin  is  any  way  considerable,  it  must  be  deducted  from  the 
weight  of  the  acids  of  humus,  as  the  latter  have  been  weighed  with  the 
waxy  and  resinous  ingredients. 


3.  MeTHOD  OF  ARRANGING  THE  RESULTS. 


§ 222. 

With  respect  to  the  mode  of  arranging  the  results  of  analyses  of 
soils,  the  following  three  points  seem  to  me  deserving  of  particular  atten- 
tion. 

a.  The  results  of  different  analyses  must  readily  admit  of  comparison. 

b.  They  must  admit,  also,  of  ready  comparison  with  the  results  of 
analyses  of  vegetable  ashes. 

c.  They  should  give  as  perfect  and  accurate  a notion  as  possible  of  the 
nature  of  the  analysed  soil. 

That  any  one  single  method  of  arranging  the  results  should  cqually 
satisfy  all  these  requirements  cannot  reasonably  be  expected  , three  dif- 
fcrently  arranged  Statements  are  requircd  to  meet  the  exigencies  of  the 
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case.  The  additional  labor  which  tliis  may  be  thougbt  to  impose  upon 
the  analyst  is  but  trifling  in  comparison  with  that  bestowed  upon  the 
analysis  itself,  and  surely  ougbt  not  to  be  considered  in  comparison  with 
the  great  advantages  to  chemical  science,  which  may  be  expected  to  accrue 
from  a full  and  universally  intelligible  report  of  the  results  of  all  important 
investigations. 

I would  therefore  propose  the  following  three  methods  of  arranging 
the  results. 

I.  Soil  dried  at  212°  (direct  results). 

A.  Inorganic  constituents. 

a.  Soluble  in  water. 

Potassa. 

Soda. 

Lime. 

Sulphuric  acid. 

&c. 

b.  Soluble  in  dilute  hydrochloric  acid: 

Sesquioxide  of  iron. 

Sesquioxide  of  manganese. 

Alumina. 

Lime. 

Carbonic  acid. 

Phosphoric  acid. 

&c. 

c.  Insoluble  in  water  and  in  dilute  hydrochloric  acid  : 

Silicic  acid. 

Lime. 

Alumina. 

&c. 

B.  Organic  constituents. 

(inclusive  of  that 
present  in  form  of 
or  nitric  acid. 

II.  Soil  dried  at  212°  (calculated  results.)* 

A.  Inorganic  constituents. 

a.  Soluble  in  water  : 

* The  acids  and  bases  are  to  be  associated  here  according  to  their  relative  forces  of  affinity. 
Phosphoric  acid,  silicic  acid,  and  humic,  (ulmic,  ge'fc)  acid,  however,  and  the  bases  with 
which  thcy  are  assumed  to  be  in  combination,  are  to  be  entered  separately,  as  we  are  without 
sufficiently  fixed  and  definite  data  respecting  the  combining  proportions  of  these  acids. 


Humic  acids 

Humus  coal 

Other  organic  matters. 


containing 


'Carbon 
Nitrogen 
which  is 
vammonia 
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Sulphate  of  lime. 

Chloride  of  potassium. 

Chloride  of  sodium. 

Nitrate  of  magnesia.  i 

&c. 

b.  Soluble  in  dilute  hydrochloric  acid  : 

Carbonate  of  lime. 

Lime  (combined  with  silicic  acid). 

Sesquioxide  of  iron  (combined  with  silicic  acid  and  pliosphoric 
acid) . 

Pliosphoric  acid. 

Silicic  acid. 

&c. 

c.  Insoluble  in  water  and  dilute  hydrochloric  acid  : 

(combined  with  silicic  acid.) 

Silicic  acid. 

&c. 


Lime  ) 
Alumina  J 


B.  Organic  constituents. 
Ilumic  acids,  &c.,  as  above. 


III.  Air-dried  soil. 

Soil  dricd  at  212°  (say,  for  instance)  ...  90 

Water  . . . . . . . . 10 

100 

If  the  analyst  wish  to  make  the  last  statement  more  precise,  he  may 
determine,  by  a separate  experiment,  the  quantity  of  the  minute  insoluble 
particles  of  the  soil  which  may  be  washed  off,  and  state  likewise  the  results 
of  the  microscopic  mineralogical  examination  of  the  sandy  residue;  in 
which  case  the  report  would,  for  instance,  run  as  follows  : 

Matter  removable  by  elutriation  . . . 10 

Quarz-sand,  detritus  of  felspar,  mica,  &c.  . 80 

Water  . . . . . . 10 

100 

If  the  analyst  thinks  he  can  dispense  with  the  advantages  resulting  from 
a more  precise  knowledge  of  the  forms  and  States  in  which  the  various 
constituents  exist  in  the  soil,  he  may  save  himself  much  time  and  labor,  by 
dividiug  all  the  ingredients  into  two  classes  only,  viz.,  constituents  soluble 
in  water  or  dilute  acids,  and  constituents  insoluble  both  in  water  and  in 
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dilute  acids ; and  treating  the  earth  accordingly  at  once  with  dilute  hydro- 
chloric  acid  and  determining  the  constituents  of  the  solution  by  the  pre- 
ceding  methods. 


V.  ANALYSIS  OF  MANURES. 

§ 223. 

I speak  here  simply  of  the  manures  supplied  by  the  urine  and  the 
excrements  of  animals.  The  examination  of  manures  has  chiefly  a practi- 
cal  object,  and  demands  accordingly  simple  methods.  The  value  of  a 
manure  depends  upon  the  nature  and  condition  of  its  constituents,  of  which 
the  following  are  the  most  important : organic  matters  (characterised  by 
their  carbon  and  nitrogen,  salts  of  ammonia,  nitrates,  phosphates,  sul- 
phates,  silicates,  and  Chlorides  of  alkalies  or  alkaline  earths,  of  potassa, 
soda,  lime,  magnesia).  Respecting  the  condition  in  which  the  ingredients 
of  manures  may  be  deemed  to  exercise  the  most  effective  and  favourable 
action  on  the  soil,  our  views  are  much  less  clear : and  indeed  it  is  obvious 
that  a universally  applicable  and  valid  decision  cannot  well  be  given  in  this 
respect ; since  the  agriculturist  sometimes  wishes  a manure  containing 
most  of  its  constituents  in  a state  of  solution,  and  wrhich  will  accordingly 
exercise  a speedy  fertilising  action,*  and  sometimes  a manure  which  will 
only  gradually  supply  the  soil  with  the  substauces  required  by  the  plants. 

I will  here  give  1,  the  outlines  of  a general  method  of  examining 
manures,  and  2,  a method  of  analysing  guano. 

A.  Analysis  of  manures  in  general. 

§ 224. 

Mix  the  manure  uniformly  by  chopping  and  crumbling  it,  and  then 
weigh  off  successively  the  several  portions  required  for  the  various  analy- 
tical  processes. 

1 . Determination  of  the  water. 

Drv  10  grammes  in  the  water-batli,  and  determine  the  loss  of  weight 

* This  sort  of  manure  may,  however,  prove  injurious  to  tender  plants.  if  applied  in  too 
large  quantity,  without  proper  dilution  with  water,  and  in  dry  weather. 
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(§  18).  It  is  rarely  necessary  to  make  a correction  on  account  of  the 
earbonate  of  ammonia  whicli  escapes  with  the  water.* 

2.  j Determination  of  the  total  amount  of  fixed  constituents. 

Incinerate  at  a gentle  heat,  a weighed  portion  of  the  residue  left  in  1, 

in  a platinum  dish,  or  in  a large  platinum  crucible  placed  in  an  oblique 
position,  and  weigh  the  ash. 

3.  Determination  of  the  constituents  soluble  in  water,  and  also  of  those 
insoluble  in  water. 

Digest  10  grammes  of  the  fresh  manure  with  300  c.  c.  of  water,  pass 
the  liquid  through  a weighed  filter  (§  33),  wash  the  residue,  dry  at  212° 
and  weigh.  The  weight  found  expresses  the  total  quantity  of  the  sub- 
stances  insoluble  in  water,  and  the  difference  gives  the  amount  of  the 
soluble  constituents.  Incinerate  now  the  insoluble  residue,  and  weigh  the 
ash  ; the  weight  of  the  ash  expresses  the  total  amount  of  the  fixed  consti- 
tuents contained  in  the  insoluble  part,  and  from  the  difference  between 
this  and  the  ash]  in  2,  you  learn  the  total  amount  of  fixed  constituents 
contained  in  the  soluble  part. 

4.  Separate  determination  of  the  several  fixed  constituents. 

Dry  a larger  portion  of  the  manure  and  treat  it  strictly  by  one  of  the 
methods  given  for  the  preparation  and  analysis  of  the  ashes  of  plants. 

5.  Determination  of  the  total  amount  of  ammonia. 

Treat  a weighed  portion  of  the  manure  by  Schlösing's  method  (§  78,  3)f 

6.  Determination  of  the  total  amount  of  nitrogen. 

Moisten  a weighed  portion  of  the  manure  with  a dilute  solution  of 
oxalic  acid  in  sufficient  quantity  to  impart  a feebly  acid  reaction ; dry, 
and  determine  the  nitrogen  either  in  the  entire  mass  or  in  a weighed 
portion  of  it  according  to  the  directions  given  in  § 155.  If  you  deduct 
from  the  total  amount  of  nitrogen  so  found  the  quantity  corresponding  to 
the  ammonia  and  the  nitric  acid,  you  learn  the  quantity  of  nitrogen  con- 
tained in  the  organic  substances.  It  is  generally  sufficient,  however,  to 
total  amount  of  the  nitrogen. 

7.  Determination  of  the  total  amount  of  carbon. 

Treat  a portion  of  the  dried  residue  of  1 by  the  process  of  elementary 
analysis.  If  the  dried  manure  contains  carbonates,  determine  the  carbonic 
acid  in  a separate  portion.  Deduct  this  from  the  total  amount  obtained  in 
the  elementary  analysis  : the  difference  shows  the  quantity  of  carbonic  acid 
formed  from  organic  substances. 


* The  determination  of  the  earbonate  of  ammonia  may,  if  desirable,  be  effected  most 
simply  by  boiling  a portion  of  the  manure  for  some  time  with  water  in  a capacious  retort,  and 
collecting  the  vapors  passing  over  in  a receiver  containing  a definite  quantity  of  sulphuric 
acid  of  known  strength  (compare  § 177,  8,  Boussingault' s method.) 

f If  the  quantity  of  ammonia  is  only  small,  a weaker  sulphuric  acid  will  answer  better 
than  that  prepared  according  to  the  directions  of  § 78,3;  it  is  therefore  advisable  in  such 
cases  to  substitute  for  the  latter  the  acid  prepared  according  to  the  directions  of  § 182,  and 
which  contains  in  10  c.  c.  0'4  grm.  of  sulphuric  acid. 
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8.  Determination  of  the  nitric  acid. 

Treat  a weighed  portion  of  the  manure  with  water,  evaporate  the  Solu- 
tion to  a tolerable  consistence,  add  pure  solution  of  potassa  (free  from 
nitric  acid),  and  hoil  until  no  more  ammoniacal  furnes  escape.  Determine 
in  the  residue  the  nitric  acid  by  Martins  method.* 

B.  Analysis  of  guano. 

§ 225. 

Guano,  or  the  düng  of  sea-fowl,  well  known  for  its  great  fertilising  pro- 
perties,  varies  very  considerably  in  quality  from  the  sources  from  which 
our  supplies  are  derived,  and  is  also  often,  fraudently  adulterated  with 
soil,  brick-dust,  carbonate  of  lime,  and  other  matters.  This,  and  the 
circumstance  that  guano  is  an  important  article  of  commerce,  explains 
wliy  it  is  made  the  object  of  Chemical  examination  more  frequently  than 
other  manures. 

The  guano  is  mixed  as  uniformly  as  possible,  and  that  which  is  in- 
tended  for  the  analytical  process  is  put  into  a stoppered  bottle. 

1.  Determination  of  the  water . 

This  is  effected  exactly  as  in  § 224,  1.  Genuine  guano  loses  from  17 
to  18  per  cent. 

2.  Determination  of  tlie  total  amount  of  fixed  eonstituents. 

Incinerate  a weighed  portion  in  a porcelain  or  platinum  crucible  placed 

in  a slanting  position,  and  weigh  the  ash.  Good  guano  leaves  from  30 
to  33  per  cent  of  ash,  guano  of  bad  quality  from  60  to  80  per  cent,  a 
wilfully  adulterated  article  even  more.  The  ash  of  genuine  guano  is  white 
or  gray.  A yellow  or  reddish  color  indicates  adulteration  with  loam,  sand, 
soil.  In  the  first  stage  of  the  process  of  incineration,  good  guano,  in  its 
incipient  decomposition  by  heat,  emits  a strong  ammoniacal  odor,  aud 
white  fumes. 

3.  Determination  of  the  eonstituents  soluble  in  water , and  also  of  those 
insoluble  in  water. 

Heat  10  grammes  of  guano  with  about  200  c.  c.  of  water,  pass  the 
solution  through  a weighed  filter,  and  wash  the  undissolved  Sediment  with 

* This  method,  which  has  been  published  quite  recently,  is  based  upon  the  fact  that,  if 
hydrogen  in  the  moment  of  its  disengagement  acts  upon  nitric  acid  the  latter  is  converted 
into  ammonia  (NOs-(-8  H=NH3-f-5  HO).  According  to  Gerhardt  and  Barral  this  con- 
version  takes  place  equivalent  for  equivalent.  The  following  is  the  process  proposed  by 
Marlin : introduce  newly  washed  zinc  into  a glass  in  the  proportion  of  from  4 to  5 parts 
to  1 part  of  nitric  acid,  supposed  to  be  present,  and  add  the  solution  of  the  nitrate,  freed 
previously,  if  necessary,  from  ammonia,  by  boiling  with  potassa ; then  add  repeatedly  small 
portions  of  pure  dilute  sulphuric  acid  or  hydrochloric  acid.  When  the  zinc  is  dissolved, 
determine  by  SchVösings  method  (compare  § 224,  5),  the  quantity  of  ammonia  generated. 
Compt.  rend.  37,  947;— Joum.  f.  prakt.  Ghem.  61,  247. 
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hot  water,  until  the  water  running  off  looks  no  longer  yellowish  and 
leaves  no  perceptible  residue  when  evaporated  upon  platinum  foil ; dry 
tlie  residue  and  weigli.  If  you  deduct  the  weight  of  the  water  and  the 
insoluble  residue  from  the  weight  of  the  guano,  you  obtain,  as  difference, 
the  amount  of  the  soluble  constituents  ; and  if  you  incinerate  the  inso- 
luble part  and  weigli  the  ash,  you  learn  from  the  difference  the  amount  of 
the  fixed  soluble  salts.  With  very  superior  sorts  of  guano  the  residue 
insoluble  in  water  amounts  to  from  50  to  55  per  cent ; with  inferior  sorts 
to  from  80  to  90  per  cent.  The  brown  colored  aqueous  solution  of 
genuine  guano  upon  evaporation  evolves  ammonia,  emits  a urinous  smell, 
and  leaves  a brown  saline  mass  consisting  chiefly  of  sulphates  of  soda  and 
potassa,  chloride  of  ammonium,  oxalate  and  phosphate  of  ammonia. 

4.  The  determination  of  the  several  fixed  constituents  ; 

5.  The  determination  of  the  totcd  amount  of  ammonia; 

6.  The  determination  of  the  total  amount  of  nitrogen; 

7.  The  determination  of  the  total  amount  of  carhon; 
are  effected  by  the  methods  given  in  § 224,  4,  5,  6,  and  7. 

8.  Determination  of  the  carbonic  acid. 

Genuine  guano  contalns  only  a small  proportion  of  carbonates.  If 
therefore  a guano  effervesces  strongly  when  moistened  with  dilute  hydro- 
chloric  acid,  tliis  may  be  regarded  as  a tolerably  conclusive  proof  of  a wilful 
adulteration  with  carbonate  of  lime. 

9.  Determination  of  the  uric  acid. 

If  it  is  desirable  to  ascertain  the  quantity  of  uric  acid  wliich  a guano 
contains,  treat  the  part  insoluble  in  water  with  a weak  solution  of  soda 
at  a gentle  heat,  filter,  and  acidify  the  filtrate  with  hydrochloric  acid,  to 
precipitate  the  uric  acid.  Collect  the  uric  acid  on  a weighed  filter,  dry, 
and  weigh. 


VI.  ANALYSIS  OF  ATMOSPHERIC  AIR. 

§ 226. 

In  the  analysis  of  atmospheric  air  we  usually  confine  our  attention  to 
the  following  constituents  : oxygen,  nitrogen,  carbonic  acid,  and  aqueous 
vapor.  It  is  only  in  exceptional  cases  that  the  exceedingly  minute  quan- 
tities  of  ammonia  and  other  gases  (many  of  wliich  may  be  assumed  to  be 
always  present  in  very  minute  traces)  are  also  determined. 

It  does  not  come  within  the  scope  of  the  present  work,  to  describe  all 
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the  metliods  whjch  liave  beeil  employed  in  tbe  excellent  investigations 
rnade  in  the  last  few  years  by  Brunner,  Bunsen,  Dumas  and  Boussingault, 
Regnault  and  Reiset,  and  others,  and  to  which  we  are  indebted  for  a more 
accurate  knowledge  of  the  composition  of  our  atmosphere.  Excellent 
descriptions  of  tliese  metliods  will  be  found  in  II.  Rose’ s Handbuche  der 
analytischen  Chemie,  Bd.  II.,  S.  853. 

I confine  myself  to  those  methods  which  are  found  most  convenient  in 
the  analysis  of  the  air  for  technical,  or  medical  purposes. 

A.  Determination  of  the  water  and  the  carbonic  acid. 


§ 227. 

The  determination  of  these  two  constituents  of  the  atmosphere  is  now 
always  effected  by  Brunner’ s method,  that  is,  by  drawing,  by  means  of  an 
aspirator,  a measured  volume  of  air,  through  accurately  weiglied  appa- 
ratus  filled  with  sdbstances  having  the  property  of  retaiuing  the  aqueous 
vapor  and  the  carbonic  acid  of  the  atmosphere  ; the  increase  of  weight 
shows  the  amount  of  aqueous  vapor  and  carbonic  acid  contained  in  the 
air  which  has'passed  through  the  apparatus.  It  must  be  borne  in  mind, 
however,  that  the  results  obtained  can  only  be  relied  upon  when  the  air  is 
allowed  to  pass  through  the  apparatus  very  slowly  to  give  full  time  for 
the  complete  absorption  of  the  aqueous  vapor  and  carbonic  acid. 

Fig.  99,  represents  an  aspirator,  constructed  on  Regnault’ s plan,  and 
connected  with  a complete  apparatus  for  the  simultaneous  determination 
of  the  carbonic  acid  and  the  aqueous  vapor. 
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The  vessel  Y is  made  of  zinc-plated  sheet  iron,  or  of  sheet  zinc  ; it  holds 
frpm  50  to  100  litres,  and  Stands  upon  a strong  tripod  in  a trough  of 
sufficient  capacity  to  hold  all  the  water  flowing  out.  At  a a brass  tube,  c, 
is  firmly  fixed  in  with  cement.  Into  the  aperture  b,  which  serves  also  to 
fill  the  apparatus,  a thermometer  reaching  down  to  the  middle  of  V,  is 
fixed  air-tight  by  means  of  a perforated  cork  soaked  in  wax. 

The  efflux  tube,  r,  is  hent  slightly  upward,  to  guard  against  the  least 
chance  of  air  entering  the  vessel  from  below.  The  capacity  of  the  vessel 
is  ascertained  by  filling  it  completely  with  water,  and  then  accurately 
measuring  the  fluid.  The  end  of  the  tube  c is  connected  air-tight  with 
F,  by  means  of  a caoutchouc  tube ; the  tubes  A — F are  similarly  con- 
nected. A,  B,  E,  and  F are  filled  with  coarsely  pounded  pumice  stone, 
well  moistened  with  concentrated  sulphuric  acid  ; C and  D with  small 
lumps  of  pumice  stone,  well  moistened  with  concentrated  solution  of 
potassa.  Finally,  A is  also  connected  with  a long  tube  leading  to  the* 
place  from  which  the  air  intended  for  analysis  is  to  be  taken.  The  corks 
of  the  tubes  are  coated  over  with  sealing  wax.  The  tubes  A aud  B are 
intended  to  withdraw  the  moisture  from  the  air ; tliey  are  weighed 
together.  C,  D,  and  E are  also  weighed  jointly.  C and  D absorb  the 
carbonic  acid  ; E the  aqueous  vapors  which  the  air  dried  in  A and  B may 
take  up  from  the  solution  of  potassa.  F need  not  be  weighed  ; it  simply 
serves  to  prevent  E against  the  entrance  of  aqueous  vapors  from  Y. 

The  aspirator  is  completely  filled  with  water,  c,  and  connected  with  F, 
thus  with  the  entire  System  of  tubes  of  which  the  apparatus  consists,  and 
the  cock  r opened  a little,  just  sufficient  to  cause  a slow  efflux  of  water. 
As  the  height  of  the  column  of  water  in  V is  continually  diminishing,  the 
cock  must  from  time  to  time  be  opened  a little  wider,  to  maintain  as 
nearly  as  possible  a uniform  flow  of  wrater.  When  V is  completely 
emptied,  the  height  of  the  thermometer  and  that  of  the  barometer  are 
noted,  and  the  tubes  A and  B,  and  C,  D,  and  E weighed  again. 

As  the  increase  of  weight  of  A and  B gives  the  amount  of  water,  that  of 
C,  D,  and  E,  the  amount  of  carbonic  acid  in  the  air  which  has  passed 
through  them  ; and  as  the  volume  of  the  latter  (freed  from  water  and  car- 
bonic acid)  is  accurately  known  from  the  ascertained  capacity  of  V,*  the 
calculation  is  in  itself  very  simple  ; but  it  requires,  at  least  in  verv  accu- 
rate  analyses,  the  following  corrections  : 

a.  Beduction  of  the  air  in  V,  which  is  saturated  with  aqueous  vapor, 
to  dry  air  ; since  the  air  which  penetrated  through  c is  dry  (see 
§ 166,  y.). 

* Or  from  the  quantity  of  water  which  has  flown  from  V,  as  the  experiment  may  be 
altered  in  this  way,  that  a portion  only  of  the  water  is  allowed  to  run  off,  and  received  into 
a measuring  vessel. 
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ß.  Reduction  of  the  volume  of  dry  air  so  found  to  32°  and  760  milli- 
meters  bar.  (§  166,  a.  and  ß .) 

When  the  calculations  liave  been  made,  the  weight  of  tlie  air  wliich  has 
penetrated  into  V is  readily  found  (1000  c.  c.  of  dry  air  at  32°  and  760 
millimeters  bar,  weighing  D2932  grm.)  ; and  as  tbe  carbonic  acid  and 
water  have  also  beeil  weighed,  their  respective  quantities  may  now  be  ex- 
pressed  in  per  cents,  by  weigbt  or  also,  calculating  the  weight  in  volumes, 
in  per  cents  by  measure,  or  volume. 


Fig.  100. 

Instead  of  the  aspirator  Y,  a flask  of  the  form  represented,  Fig.  1 00,  or 
a tin  vessel  of  the  form  and  construction  represented  Fig.  101,  may  be 
used,  only  it  must  be  borne  in  mind  that  sufficiently  accurate  results  can 
be  expected  only  if  at  least  25000  c.  c.  of  air  are  passed  tlirough  the 
absorption  apparatus. 

B.  Determination  of  the  nitrogen  and  oxygen. 

The  mixture  of  the  nitrogen  and  oxygen  is  measured,  the  oxygen  ab- 
sorbed  by  an  appropriate  agent,  and  the  residuary  nitrogen  gas  then  again 
read  off : the  diminution  in  the  volume  sliows  the  amount  of  the  oxygen. 
In  § 177,  12,  I have  already  described  the  method  of  removing  the 
oxygen  from  the  air  by  means  of  phosphorus ; I add  here  two  more 
methods  by  which  the  same  end  may  be  attained ; I recommend  more 
particularly  the  former. 

I.  Liebüj  s method.* 

§ 223. 

This  method  is  based  upon  the  observation  made  by  Chevreul  and  JDöbe- 
reiner,  that  gallic  acid  and  pyrogallic  acid,  in  alkaline  Solutions,  have  a 
powerful  tendency  to  absorb  oxygen. 

+ Arm.  der  Chem.  und  Pharmacic  77,  107. 


r 


Fig.  101. 
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1.  A strong  measuring  tube  holding  30  c.  c.  and  divided  into  }or 

c.  c.  is  filled  to  f with  the  air  intended  for  analysis.  The  remaining  part 
of  the  tube  is  filled  with  mercury,  and  confined  over  that  agent  in  a tall 
cylinder,  widened  at  the  top. 

2.  The  volume  of  air  confined  is  read  off  (§  11).  If  it  is  intended  to 
determine  the  carbonic  acid — which  can  be  done  with  sufficient  accuracy 
only  if  the  quantity  of  the  acid  amounts  to  several  per  cents — the  air  is 
dried  by  means  of  a ball  of  chloride  of  calcium  introduced  into  it  (§  177, 
12),  and  then  again  measured.  If  it  is  not  intended  to  determine  the  car- 
bonic acid,  this  Operation  is  omitted.  A quantity  of  solutiou  of  potassa  of 
1*4  specific  gravity  (1  part  of  dry  liydrate  of  potassa  to  2 parts  of  water) 
amounting  to  from  -jC-  to  of  the  volume  of  air  is  then  introduced  into  the 
measuring  tube  by  means  of  a pipette  with  the  point  bent  upward  (see  Fig. 

102,)  and  spread  over  the  entire  inner  surface  of  the 
tube  hy  shakiug  the  latter  (§  152) ; when  no  farther  di- 
minution  of  volume  takes  place,  the  decrease  is  read  off. 
If  the  air  has  been  dried  previously  with  chloride  of  cal- 
cium, the  diminution  of  the  volume  expresses  exactly 
the  amouut  of  carbonic  acid  contained  in  the  air  ; hut 
if  it  has  not  been  dried  with  chloride  of  calcium,  the 
diminution  in  the  volume  cannot  afford  correct  Infor- 
mation as  to  the  amouut  of  the  carbonic  acid,  since  the 
strong  solutiou  of  potassa  absorbs  also  aqueous  vapor. 

3.  When  the  carbonic  acid  has  been  determined  (or  simply  removed), 
a Solution  of  pyrogallic  acid  (containing  1 gramme  of  the  acid  in  5 or 
6 c.  c.  of  water)*  is  introduced  into  the  same  measuring  tube  by  means  of 
anotlier  pipette,  similar  to  the  one  used  in  2 (Fig.  102) ; the  quantity  of 
pyrogallic  acid  employed  should  be  about  half  the  volume  of  the  solution 
of  potassa  used  in  2.  The  mixed  fluid  (the  pyrogallic  acid  and  solution 
of  potassa)  is  spread  over  the  inner  surface  of  the  tube  by  shaking  the 
latter ; and,  when  no  further  diminution  of  volume  is  ohserved,  the  resi- 
duary  nitrogen  is  measured. 

4.  Gallic  acid  may  also  be  employed  instead  of  pyrogallic  acid  ; the 
only  inconvenience  with  gallic  acid  is  that  the  absorption  of  the  oxy- 
gen  takes  from  one  and  a half  to  two  hours,  and  even  a longer  time, 
whilst  with  pyrogallic  acid  a few  minutes  suffice.  The  gallic  acid  is  em- 


Fig.  102. 


* Pyrogallic  acid  is  obtained,  according  to  Stenhouse  (Ann.  der  Chem.  und  Pharmacie,  45, 
1),  most  simply  by  Sublimation  (best  at  365°  F.),  from  the  dry  aqueous  extract  of  galls,  in 
the  same  way  as  benzoic  acid  is  prepared  from  benzoin.  The  quantity  of  acid  obtained 
amounts  to  above  10  per  cent  of  the  extract  used.  Brown  colored  crystallised  pyrogallic 
acid  is  prepared  conveniently  by  drydistillation  of  Chinese  galls,  in  small  retorts  holding  about 
from  150  to  180  grammes  in  coarse  lumps,  and  evaporation  in  the  water-bath  of  the  concen- 
trated  solution  of  the  pyrogallic  acid  so  obtained ; this  process  yields  nearly  1 5 per  cent  of 
acid. 
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ployed  in  the  form  of  a cold  saturated  solution  of  gallate  of  potassa, 
eitlier  quite  neutral,  or  containing  a slight  excess  of  acid.  Its  property 
of  absorbing  oxygen  manifests  itself  only  in  presence  of  an  excess  of 
alkali.  When  the  gallic  acid  bas  mixed  witli  the  solution  of  potassa  in 
the  measuring  tube,  the  fluid,  in  contact  with  the  oxygen  of  the  air,  turns 
of  a dark  red  color ; thin  layers  of  it  acquire  an  almost  blood-red  color, 
which,  after  some  time,  changes  to  brown.  This  blood-red  color  of  the 
fluid  moistening  the  inner  surface  of  the  tube,  upon  shaking,  enables  the 
operator  closely  to  watch  the  progress  of  the  absorption  ; when  this  color 
ceases  to  make  its  appearance  the  Operation  is  terminated.  1 gramme  of 
gallic  acid  dissolved  in  strong  solution  of  potassa,  absorbs  290  c.  c.  of 
oxygen  gas  ( Chevreul ). 

5.  The  solution  of  gallic  acid  or  pyrogallic  acid  mixingwith  the  solution 
of  potassa,  of  course  dilutes  it,  causingthus  an  error  from  the  diminution  of 
its  tension  ; but  tbis  error  is  so  trifling  that  it  has  no  appreciable  influence 
upon  the  results  ; it  may,  besides,  be  readily  corrected,  by  introducing  into 
the  tube,  after  the  absorption  of  the  oxygen  gas,  a small  piece  of  hydrate 
of  potassa  corresponding  to  the  amount  of  water  in  the  solution  of  the  acid. 

6.  There  is  another  source  of  error  in  this  method,  viz.,  on  account  of  a 
portion  of  the  fluid  always  adhering  to  the  inner  surface  of  the  tube  the 
volume  of  the  gas  cannot  be  read  off  with  absolute  accuracy.  In  com- 
parative  analyses,  the  influence  of  this  defect  upon  the  results  may  be 
almost  entirely  neutralised,  by  taking  nearly  equal  volumes  of  air  in  the 
several  analyses. 

7.  Notwithstanding  these  several  sources  of  error,  the  results  obtained 
by  this  method  are  verv  accurate  and  eonstant.  In  eleven  analyses  which 
Liebig  reports,  the  greatest  difference  was — with  pyrogallic  acid — between 
20‘75  and  2 1 *03  ; with  gallic  acid — between  20-52  and  2T35.  That  the 
results  difler  more  widely  with  gallic  acid  is  chiefly  owing  to  the  circum- 
stance  that  the  temperature  and  atmospheric  pressure  had  perceptibly 
changed  in  the  course  of  the  analytical  process;*  for  the  numbers  given 
express  the  actual  and  uncorrected  results. 

II.  Absorption  of  the  oxygen  by  copper  moistened  with  hydrochloric  acid. 

§ 229. 

This  method  is  very  inferior  in  accuracy  to  the  one  described  § 228, 
I give  it  liere  however,  because  everjr  chemist  who  may  have  to  make  an 
approximate  analysis  of  atmospheric  air  may  not  possess  a large  quantity 
of  mercury. 

* It  has  already  been  observed  in  the  text  that,  with  gallic  acid,  the  Operation  takes  from 
one  and  a half  to  two  hours,  and  even  longer. 
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The  method  is  based  upon  the  circumstance  that  copper  moistened  with 
hydrochloric  or  dilute  sulphuric  acid  rapidly  withdraws  from  atmospheric 
air  the  whole  of  its  oxygen.  The  performance  of  the  process  requires 
only  the  following  apparatus  (presupposing  always  the  gaseous  mixture  con- 
sists  of  oxygen  and  nitrogen  only)  : 

1.  A graduatecl  tube,  about  30  centimeters  long,  and  frorn  16  to  20 
millimeters  in  diameter. 

2.  A small  slip  of  sheet  copper,  somewhat  longer  than  tlie  graduated 
tube,  and  of  the  shape  illustrated  by  the  annexed  cut. 

Copper  turnings  are  tied  round  this  slip  in  its  whole  length 
by  means  of  a piece  of  string,  in  such  a manner,  however, 
as  not  to  impede  its  ready  introduction  into  the  graduated 
tube.  A slip  so  prepared  answers  the  purpose  better  than  a 
smooth  piece  of  copper,  as  it  presents  a larger  surface,  and 
the  string  serves  to  keep  the  copper  turnings  moistened  with 
the  acid.  - 

3.  A glass  cy linder,  a few  inches  taller  than  the  gra- 
duated tube,  and  filled  with  a mixture  of  equal  parts  of 
hydrochloric  acid  and  water.  The  cylinder  should  not  be  too 
narrow,  and  should  be  widened  at  the  top  (see  Fig.  104). 

4.  A thermometer.  Fig- 103. 

The  performance  of  the  process  is  exceedingly  simple. 

The  copper  slip  is  introduced  into  the  cylinder,  at  the  bottom 
of  which  it  is  kept  fixed  by  means  of  the  three  divergent  slips,  a, 
b,  and  c ; the  fluid  in  the  cylinder  should  reach  about  an  incli  above 
the  top  of  the  copper.  Some  time  is  allowed  for  the  escape  of  the 
air  contained  in  the  string,  and  the  temperature  of  the  fluid  in  the 
cylinder  is  noted.  The  graduated  tube  is  about  one-third  filled 
with  water.  The  tube  is  now  completely  immersed  in  the  fluid  in 
the  cylinder  (to  give  the  air  confined  in  it  the  temperature 
of  the  dilute  hydrochloric  acid)  ; it  is  then  raised  again  until 
the  fluid  is  on  an  exact  level  inside  and  outside,  when  the 
volume  of  the  gas  is  read  off.  The  tube  is  now  cautiously 
pushed  over  the  copper-slip,*  and  pressed  down.  The  annexed 
cut  shows  the  arrangement  of  the  apparatus. 

The  apparatus  is  allowed  to  stand  for  the  space  of  from 
one  and  a half,  to  two  hours,  after  which  the  residuary  gas 
is  measured  ; the  tube  is  then  once  more  pushed  over  the 
copper-slip,  and,  after  the  lapse  of  half  an  hour,  the  residuary 
gas  measured  again.  If  no  further  decrease  has  taken  place  Fig.  104. 


* The  analyst  must  guard  against  any  escape  of  air  from  the  tube  during  the  Operation  ; it 
is  on  this  account  that  only  two-thirds  of  the  tube  should  be  filled  with  air,  otherwise  it 
might  be  impracticable  to  prevent  loss. 
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in  the  interval,  the  Operation  is  finished.  The  temperature  is  now  again 
observed,  and  if  it  has  not  changed,  the  percentage  volumes  of  the  oxygen 
and  nitrogen  are  found  by  the  following  simple  calculation  : 

The  first  measurement  gives  the  volume  of  the  analysed  air,  the  second 
that  of  the  nitrogen,  and  the  difference  that  of  the  oxygen. 

Sliould  the  temperature  of  the  fluid  have  changed  during  the  process, 
the  volume  of  the  nitrogen  must  of  course  be  corrected  first  to  the 
original  temperature,  before  this  calculation  can  be  made. 

Air  containing  carbonic  acid,  must  be  freed  from  this  gas  by  the  method 
given  in  § 227,  before  it  is  introduced  into  the  measuriug  tube. 


PART  III. 


EXERCISES  FOR  FRACTICE. 
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EXERCISES  FOR  PRACTICE. 


I have  given  here  70  exercises  for  practice,  viz.,  30  of  analysis  by 
weight,  30  of  analysis  by  measure  and  for  technical  purposes,  and  10 
of  organic  elementary  analysis.  The  exercises  selected  are  nearly  the 
same  as  I have  for  some  sessions  past  been  in  the  habit  of  giving  to 
the  students  in  my  laboratory  ; I can  therefore  safely  affirm  that  all  of 
them  may  be  readily  performed,  and  also  that  the  order  of  succession  in 
which  they  are  arranged  has  been  found  practically  useful.  In  my  opinion 
it  is  not  judicious  to  occupv  students  with  analyses  by  measure  or 
with  technical  analyses  before  they  have  acquired  some  practice  and 
slcill  in  analyses  by  weight.  I think  this  will  be  conceded  if  it  be  borne 
in  mind  _that  the  latter  demands,  besides  great  accuracy,  consider- 
able  patience ; students  that  have  once  become  accustomed  to  the  expedi- 
tious  processes  of  volumetrical  methods,  without  having  previously  passed 
through  a proper  training  in  the  more  laborious  and  tedious  perform- 
ances  of  analyses  by  weight,  will  find  it  difficult  afterwards  to  command 
the  necessary  patience  in  the  pursuit  of  the  latter,  which  after  all  con- 
stitute,  and  will  probably  long  continue  to  be,  the  most  essential  part  of 
Chemical  analysis. 

The  principal  point  I had  in  view  in  the  selection  of  these  exercises  was 
that  most  of  them,  and  more  particularly  the  analyses  by  weight,  should 
permit  an  exact  control  of  the  results.  This  is  of  the  utmost  import- 
ance  for  the  Student,  since  a certain  degree  of  confidence  in  the  cor- 
rectness  of  the  results  of  one’s  own  experiments  is  among  the  most  in- 
dispensable requisites  for  a successful  pursuit  of  quantitative  investiga- 
tions ; and  a confidence  of  this  kind  can,  in  my  opinion,  only  be  attained 
by  atfording  the  Student  the  means  of  testing  and  Controlling  the  accuracy 
of  the  results  obtained  in  his  experiments. 

Now,  a rigorously  accurate  control  is  practicable  only  in  the  analysis  of 
pure  salts  of  known  composition,  or  of  substances  which  the  analyst  him- 
self  has  previously  prepared,  and  of  which  he  knows  the  constituents,  and 
the  relative  proportions  in  which  they  are  combined.  When  the  Student 
has  acquired,  in  the  analysis  of  such  substances,  the  necessary  degree  of 
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confidence  in  liis  own  abilities,  he  may  gradually  proceed  to  analyses  of  a 
somewliat  more  difficult  and  intricate  nature. 

The  second  point  which  I had  in  view  in  the  selection  of  these  exercises 
for  practice,  was  to  make  them  coinprise  both  the  more  important  analy- 
tical  methods,  and  the  most  important  Compounds,  so  as  to  afford  the 
Student  proper  opportunity  to  acquire  a thorough  knowledge  of  every 
branch  of  quantitative  analysis.  I have  therefore  not  always  indicated 
the  most  simple  methods. 

Organic  analysis  offers  far  less  variety  tlian  the  analysis  of  inorganic 
substances — the  exercises  relatiug  to  the  former  branch  are  therefore  less 
numerous  liere  tlian  tliose  relating  to  the  latter.  I would  advise  the 
Student  to  analyse  the  same  organic  substance  repeatedly  until  the  results 
prove  quite  satisfactory. 

In  conclusion,  I have  to  remark,  that  I do  not  mean  to  state  it  is 
absolutely  necessary  to  go  through  the  wliole  of  these  exercises  ; the  time 
which  a Student  may  require  to  attain  proficiency  in  analysis,  depends 
entirely  upon  his  own  abilities.  One  may  be  a good  analyst  witliout 
liaving  tried  every  metliod  or  analysed  every  compound.  I would,  liow- 
ever,  warn  students  to  guard  against  prematurely  attempting  new  disco- 
veries.  The  safest  way  is  to  wait  until  he  lias  acquired  a certain  degree  of 
proficiency  in  general  chemistry,  and  more  particularly  in  practical  ana- 
lysis. 


EXERCISES. 

1.  Iron. 

Weigh,  on  a watch-glass,  about  0*3  grammesof  fine  pianoforte  wire,  and 
dissolve  in  hydrochloric  acid,  with  addition  of  nitric  acid.  The  acids 
are  diluted  with  a little  water. 

The  solution  is  effected  by  boiling  in  a moderate  sized  flask  covered  with 
a watch-glass.  When  complete  solution  has  ensued,  and  the  color  of 
the  fluid  shows  that  all  the  iron  is  dissolved  as  sesquioxide  (if  tliis  is  not 
the  case  some  more  nitric  acid  must  be  added),  rinse  the  watch-glass, 
dilute  tbe  fluid  in  the  flask,  heat  to  incipient  ebullition,  add  ammonia 
in  moderate  excess,  filter,  &c.  (Compare  § 90,  1 .) 
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The  following  example  will  show  the  best  way  of  entering  the  results  : 


Watch -glass  + iron 

10-3192 

„ empty .... 

9-9750 

Iron  .... 

0-3442 

Crucible -j- sesquioxide  of  iron 

17-0673 

„ empty 

16-5761 

0-4912 

Filter-ash  No.  2 . 

0-0012 

Sesquioxide  of  iron 

0-4900= 

Iron 

0-343  = 99-65  per 

2.  Acetate  of  lead. 

Determination  of  oxide  of  lead. — Triturate  the  dry  and  non-effloresced 
crystals  in  a porcelain  mortar,  and  press  the  powder  between  sheets  of 
blotting  paper  until  the  last  sheets  are  no  longer  moistened  by  it. 

a.  Weigh  about  1 gramme,  dissolve  in  water,  witli  addition  of  a few 
drops  of  acetic  acid,  and  proceed  exactly  as  directed  § 92,  1,  a.  a. 

b.  Weigh  about  1 gramme,  and  proceed  exactly  as  directed  § 92,  5. 
(Dulk’s  modification  of  Berzelius’  s method.) 

Pb  O . . 1394-64  . . . 111-57  . . . 58-85 

A . . . 637-50  . . . 51-00  . . . 26-91 

3 aq  . . 337-50  . . . 27’00  . . . 14*24 

2369  64  189*57  100-00 

3.  Chloride  of  sodtum. 

Fuse  pure  chloride  of  sodium  in  a platinum  crucible,  pour  the  fused 
mass  upon  a piece  of  porcelain,  break  it  still  hot  into  pieces,  and  pre- 
serve  tliese  in  a tightly-corked  glass  tube. 

a.  Determination  of  the  chlorine. — Dissolve  about  0"4  grm.  in  water, 
add  nitric  acid,  and  precipitate  with  Solution  of  nitrate  of  silver  (§  112,  I. 
a.). 

b.  Determination  of  the  soda. — Convert  about  0-3  grm.  into  neutral 
sulphate  of  soda,  by  treating  the  salt  with  moderately  dilute  sulphuric 
acid  (§  77,  1).  The  Operation  may  be  conducted  in  a platinum  crucible  ; 
to  apply  a uniform  heat  to  all  parts,  the  crucible  is,  by  means  of  a plati- 
num triangle,  suspended  free  in  a small  iron  vessel,  and  heat  applied  to 
the  latter. 

(For  the  percentage  composition,  sce  § 48.) 
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4.  Arsenious  acid. 

Dissolve  about  0'4  grm.  of  pure  arsenious  acid  in  small  lumps  in  a 
middle-sized  flask,  with  a glass  stopper,  in  some  solution  of  soda,  by 
digesting  the  mixture  on  the  water-bath ; dilute  with  a little  water,  add 
hydvochloric  acid  in  excess,  and  then  nearly  fill  the  flask  with  sul- 
phuretted  hydrogen  water.  Insert  the  stopper  and  shake.  If  the  sul- 
phuretted  hydrogen  predominates,  the  precipitation  is  terminated  ; if  not, 
conduct  sulpliuretted  hydrogen  gas  into  the  fluid  until  it  is  saturated  ; 
proceed  in  all  other  respects  exactly  as  directed  § 102,  4. 


A5  . 
03  . 

937*5 

300-0 

75 

24 

75-76 

24-24 

1237  5 

99 

100-00 

5.  Potassa  alum. 

Determination  of  the  alumina. — Press  pure  triturated  potassa  alum  be 
tween  sheets  of  blotting  paper ; weigh  off  about  2 gramrnes,  dissolve  in 
water,  and  determine  the  alumina  as  directed  § 83,  a. 

KO  . 
A1203 
4 S03 
24  H O 

. 588-86 

. 640-84 

. 2000-00 
. 2700-00 

. 47-11 
. 51-26 

. 160-00 
. 216-00 

9-93 

10-81 

33-73 

45-53 

5929-70 

474-37 

100-00 

6.  Carbonate  of  soda. 

Gently  ignite 

anhydrous  pure  carbonate  of  soda  in  a platinum  crucible. 

a.  Determination  of  the  soda. — Couvert  about  0’5  grm.  into  chloride  of 
sodium  (§  77,  3). 


h.  Determination  of  the  carhonic  acid. — Determine  in  from  0‘7  to  1 
gramme  the  carbonic  acid  according  to  the  directions  of  § 110,  II.  h.  ß. 
aa.  A small  sized  apparatus  is  selected,  weighing  from  60  to  70  grms. 
which  can  be  weighed  on  a delicate  balance.  The  weighing  of  the  car- 
bonate  of  soda  is  eflected  best  as  follows:  from  0’7  to  1 gramme  of 
the  recently  ignited  salt  is  put  into  a narrow  tube,  and  the  latter  then 
weighed ; its  contents  are  cautiously  transferred  to  the  flask  A,  and  the 
exact  quantity  of  carbonate  of  soda  in  the  flask  is  then  accurately  ascer- 
tained  by  reweighing  the  empty  tube. 

For  the  composition,  see  § 48. 

7.  CARBONATE  OF  LIME. 

Heat  pure  carbonate  of  lime  in  powder  (no  matter  whether  pure  calca- 
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reous  spar  or  artifieially  prepared  carbonate  of  lime)  gently  in  a platinum 
crucible. 

a.  Determination  of  the  lime. — Dissolve  in  a covered  beaker  about  I 
gramme  in  dilute  hydrochloric  acid,  and  determine  the  lime  as  directed 
§ 81,  2,  b. 

b.  Determination  of  the  carbonic  acid. — Determine  in  about  0‘8  grm. 
the  carbonic  acid  according  to  the  directions  of  § 110,  II.  b.  a. 

For  the  composition,  see  § 52. 

8.  SuLPHATE  OF  COPPER. 

(Complete  analysis  of  sulphate  of  copper.) 

Triturate  the  pure  crystals  in  a porcelain  mortar  and  press  the  powder 
between  sheets  of  blotting  paper. 

a.  Determination  of  the  water  of  crystallisation. — Weigh  an  empty  bulb 
tube,  and  half  fill  the  bulb  with  sulphate  of  copper  ;*  weigh  again,  and 
then  place  it  within  an  air-bath  with  apertures  in  its  sides  (page  37)  ; 
connect  one  end  with  a chloride  of  calcium  tube,  the  other  with  an 
aspirator ; heat  to  from  248  to  284°,  and  allow  the  water  to  flow  slowlv 
from  the  aspirator.  When  no  more  water  escapes  from  the  sulphate  of 
copper,  and  repeated  weighings  of  the  bulb  tube  give  constant  results,  the 
diminution  of  weight  expresses  the  amount  of  crystallisation  water  in  the 
salt. 

b.  Determination  of  the  water  of  halhydration .. — Proceed  with  the 
same  experiinent,  bu't  at  a temperature  raised  to  between  482°  and 
500°.  The  additional  loss  of  weight  of  the  bulb  tube  suffered  in  tliis 
process  gives  the  amount  of  the  more  strongly  combined  halhydration 
water. 

c.  Determination  of  the  sulphuric  acid. — In  another  portion  of  the  sul- 
phate of  copper  (about  1*5  grm.)  determine  the  sulphuric  acid  according 
to  the  directions  of  § 105,  I.  1. 

d.  Determination  of  the  oxide  of  copper.  In  about  1 ’5  grm.  determine 
the  oxide  of  copper  as  directed  § 95,  1,  a.  a. 

Cu  0 ...  496-0  . . . 39-68  . . . 31-83 

S03  . . . . 500-0  . . . 40-00  . . . 32-08 

HO  ....  112-5  . . . 9-00  . . . 7- 22 

4 aq  ...  450  0 . . . 36-00  . . . 28-87 


1558-5  124-68  100-00 

* This  is  effected  by  pushing  into  one  end  of  the  tube  down  to  the  bulb  a glass  rod  with 
paper  folded  round  it,  and  filling  in  the  salt  through  the  other  end.  The  tube  is  then  restored 
to  a horizontal  position,  and  the  bulb  gently  tapped  on  the  table ; the  glass  rod  is  withdrawn, 
and  the  ends  are,  if  necessary,  cleaned  with  a feather. 
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9.  CrYSTALLISED  SUEPHATE  OF  MAGNESIA. 

Triturate  and  dry  as  directed  § 15,  a. 

a.  Determination  of  the  magnesia. — Dissolve  from  J to  2 gramraes  in 
water,  add  chloride  of  ammonium,  then  amraonia,  and  precipitate  wdth 
phosphate  of  soda  (§  82,  2). 

b.  Determination  of  the  total  amount  of  water. — ITeat  about  1 gramme 
in  a porcelain  crucible  over  the  lamp  to  incipient  faint  ignition,  and  deter- 
mine  tlie  loss  of  weight.  The  residue  treated  with  water,  must  give  a 
clear  solution. 


Mg  O 
S03  . 
7 aq 

. . . 250-19  . . . 

. . . 500-00  . . . 

. . . 787-50  . . . 

20  . . 
40  . . 

63  . . 

. 16-26 
. 32-52 

. 51-22 

1537-69 

123 

100-00 

10.  Chloride  of 

MERCURY. 

Determination  of  the  mercury. — Dissolve  about  0"5 
a few  drops  of  hydrochloric  acid,  and  precipitate 
hydrogen  (§  94,  3). 

grm.  in  water,  add 
with  sulphuretted 

Ilg  . 
CI  . 

. . 1250-60  . . . 

. . 443-28  . . . 

100-05  . 

35-46  . 

. . 73-83 

. . 26-17 

1693-88 

135-5 1 

100-00 

11.  SlJLPHIDE 

OF  IRON. 

Select  pure  iron  pyrites,  triturate  to  a very  fine  powder,  and  drv'at 
212°. 

a.  Determination  of  the  sulphur. — Treat  from  05  to  1 gramme  as 
directed  § 116,  2,  a.  a.  or  ß. 

b.  Determination  of  the  iron. — Dissolve  about  0*5  grm.  in  nitrohydro- 
chloric  acid,  and  precipitate  with  ammonia  (§  90,  1). 

Fe 350  ...  . 28  . . . 46-67 

2 S ....  400  ....  32  . . . 53-33 

750  60  100*00 

12.  Phosphate  of  lime. 

a.  Determination  of  the  phosphoric  acid. — Ignite,  weigh  from  0-8  to 
1 gramme,  put  into  a flask  or  beaker,  add  about  3 grammes  (the 
quantity  added  must  be  accurately  weighed)  of  pure  metallic  tin,  and 
proceed  as  directed  § 106,  I.  d.  a. 
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b.  Determination  of  the  Urne. — Saturate  the  filtrate  of  a.  with  ammonia, 
and  precipitate  tlie  lime  with  oxalatc  of  ammonia  (§  81,  2,  b.). 

3 Ca  O . . . 1050-00  . . . 84-00  . . . 54-06 

P 05  . . . . 892  04  . . . 71-36  . . . 45-94 

1942-04  155-36  100-00 

13.  Bichromate  of  potassa. 

Triturate  pure  bichromate  of  potassa,  and  dry  the  powder  directly  over 
the  lamp  at  a gentle  heat. 

a.  Determination  of  the  chromium. — Dissolve  about  1 grammein  water, 
precipitate  with  acetate  of  lead  added  slightly  in  excess,  and  dctermine 
the  precipitated  chromate  of  lead  as  directed  § 104,  1,  b. 

b.  Determination  of  the  potassa. — Precipitate  from  the  filtrate  of  a.  the 
lead  with  sulphuretted  hydrogen,  and  convert  the  potassa  in  the  filtrate 
into  sulphate  of  potassa  or  chloride  of  potassium  (§  76). 

KO  . . . 588-86  . . . 47-11  . . . 31-69 

2 Cr  03  . . 1269-40  . . . 101-56  . . . 68-31 

1858-26  148-67  100-00 

14.  Separation  of  iron  from  manganese. 

Dissolve  in  hydrochloric  acid  about  0*5  grm.  of  fine  pianoforte  wire 
and  about  the  same  quantity  of  protosesquioxide  of  manganese,*  pre- 
viously  gently  heated  ; heat  the  solution  with  some  nitric  acid,  and  sepa- 
rate the  two  metals  by  means  of  carbonate  of  baryta  (§  128,  A.  1.). 

15.  Separation  of  lime  from  Magnesia. 

Dissolve  in  dilute  hydrochloric  acid  about  0*5  grm.  of  pure  carbonate  of 
lime,  previously  gently  ignited,  and  about  the  same  quantity  of  recently 
ignited  pure  magnesia,  f and  separate  the  two  eartlis  as  directed  § 122,  B. 
3,  a . 

16.  Separation  of  Magnesia  from  soda. 

Dissolve  in  dilute  hydrochloric  acid  about  0-5  grm.  of  pure  fused 
chloride  of  sodium  and  about  the  same  quantity  of  recently  ignited  pure 
magnesia,  and  separate  the  two  substances  by  means  of  oxide  of  mercurv 
(§  121,  A,  1.). 

17.  Separation  of  potassa  from  soda. 

Mix  weighed  quantities  of  pure  chloride  of  sodium  and  pure  chloride  of 
potassium,  and  separate  the  two  alkalies. 

* For  the  preparation  of  protosesquioxide  of  manganese,  see  § 86,  1. 

f This  may  be  prepared  most  readily  by  heating  pure  oxalate  of  magnesia  (F.  Schute). 
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«.  By  the  direct  method  described  § 120,  1,  a. 

b.  By  the  indirect  method  descrihed  § 120,  3. 

18.  Separation  of  sesquioxide  of  iron  from  alumina. 

Dissolve  ahout  0‘3  grm.  of  pure  pianoforte  wire  in  hydrochloric  acid, 
with  addition  of  some  nitric  acid,  add  about  1 gramme  of  pure  alum,  and 
separate  according  to  the  directions  of  § 128,  B.  10,  a.  (Precipitate  the 
two  substauces  first  with  ammonia,  weigh,  dissolve  the  residue  in  concen- 
trated  hydrochloric  acid,  and  precipitate  the  iron,  after  addition  of  tar- 
taric  acid  and  ammonia,  with  sulphide  of  ammonium  ; determine  the  iron 
as  directed  § 90,  1,  b.)  Or  separate  tho  two  bodies  according  to  the 
directions  of  § 128,  B.  1,  or  of  § 128,  B.  3,  a. 

19.  Separation  of  cadmium  from  zinc. 

Dissolve  about  0*5  grm.  of  pure  oxide  of  zinc  and  about  the  same 
quantity  of  pure  oxide  of  cadmium,  in  40  c.  c.  of  hydrochloric  acid  and 
100  grammes  of  water,  and  separate  the  two  metals  by  means  of  sul- 
phuretted  hydrogen  (§  130,  A.).  Treat  the  sulphide  of  cadmium  as 
directed  § 97,  2,  the  solution  of  zinc,  after  removal  of  the  sulphuretted 
hydrogen  as  directed  § 85,  a. 

20.  Separation  of  mercury  from  lead. 

Dissolve  about  0'5  grm.  of  pure  chloride  of  mercury,  and  about  1 
gramme  of  pure  crystallised  acetate  of  lead,  and  separate  the  two  metals  as 
directed  § 131,  6,  a. 

21.  Separation  of  Magnesia  from  alumina. 

Dissolve  about  1 gramme  of  pure  alum  and  about  1 gramme  of  pure 
crystallised  sulphate  of  magnesia  in  water,  add  some  hydrochloric  acid, 
then  a cold  prepared  saturated  solution  of  bicarbonate  of  soda,  and  proceed 
in  all  other  respects  as  directed  § 124,  B.  2,  a. 

22.  Separation  of  sesquioxide  of  iron  and  lime  from  phos- 

PHORIC  ACID. 

Weigh  off  about  0’3  grm.  of  pianoforte  wire,  dissolve  in  hydrochloric 
acid,  with  addition  of  nitric  acid,  and  add  about  1 gramme  of  recently 
ignited  phosphate  of  lime  (P05,  Ca  03). 

Dilute  the  solution  to  about  400  c.  c.,  add  cautiously  ammonia  to  inci- 
pient  alkaline  reaction,  then  acetic  acid  until  the  reaction  is  strongly  acid 
and  the  precipitated  phosphate  of  lime  has  redissolved ; the  precipitated 
phosphate  of  sesquioxide  of  iron  remaining  undissolved.  Allow  it  to 
deposit,  wash  the  precipitate  twice  by  decantation,  then  on  the  filter,  and 
dissolve  it  in  hydrochloric  acid. 
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You  have  now  : 

a.  An  hydrochloric  acid  solution  containing  all  the  sesquioxide  of  iron 
and  a portiou  of  the  phosphoric  acid  ; and  b.  a solution,  acid  from  acetic 
acid,  which  contains  all  the  lime  and  the  rest  of  the  phosphoric  acid. 

Mix  the  solution  a.  with  sulphuretted  hydrogen  in  excess,  add  ammonia, 
then  some  sulphide  of  ammonium,  and  determine  the  iron  as  directed  § 90, 
1,  b.  Concentrate  the  filtrate  and  precipitate  the  phosphoric  acid  from  it 
according  to  the  directions  of  § 106,  I.  b.  a. 

Mix  the  solution  b.  with  ammonia  until  a persistent  precipitate  just 
hegins  to  form,  then  with  a few  drops  of  acetic  acid  until  the  fluid  has 
cleared  again  ; add  oxalate  of  ammonia  in  moderate  excess,  and  determine 
the  lime  according  to  the  directions  of  § 81,  2,  b.  ß.  In  the  filtrate,  con- 
centrated  by  evaporation,  determine  the  phosphoric  acid  as  directed  § 106, 
I.  b.  a.  The  precipitates  of  phosphate  of  magnesia  and  ammonia  thrown 
down  from  the  filtrates  of  a.  and  b.  may  be  collected  on  a filter. 

23.  Separation  of  iodine  from  chlorine. 

Dissolve  about  0*4  grm.  of  pure  iodide  of  potassium  and  about  the 
same  quantity  of  pure  chloride  of  sodium  in'  water,  and  precipitate  the 
solution  with  solution  of  silver  (§  112,  I.  «.).  When  you  have  weighed 
the  precipitate  of  chloride  and  iodide  of  silver,  determine  the  quantity  of 
the  iodide,  by  igniting  a weighed  portion  of  the  precipitate  in  a stream  of 
chlorine  and  noting  the  loss  of  weight  consequent  upon  the  conversion  of 
the  iodide  into  chloride  of  silver  (§  137,  2,  c.) 

24.  Analysis  of  a limestone  or  dolomite. 

This  is  made  exactly  according  to  the  directions  of  § 203. 

25.  Analysis  of  natrolite. 

The  essential  constituents  of  natrolite  are : soda,  alumina,  silicic  acid, 
and  water.  Besides  these,  lime  and  sesquioxide  of  iron  are  also  occasionally 
found  in  this  mineral. 

Triturate  a clean  piece  of  the  mineral  in  an  agate  mortar  to  a fine 
powder,  and  dry  at  212°. 

a.  Treat  about  1-5  grm.  with  hydrochloric  acid  and  separate  the  silicic 
acid  exactly  as  directed  § 111,  II.  a.  ; do  not  neglect  to  test  the  purity  of 
the  silicic  acid  (see  page  247). 

b.  Precipitate  the  fluid  filtered  from  the  silicic  acid  with  carbonate  of 
ammonia  and  some  ammonia,  and  wash  the  precipitated  alumina  first  bv 
decantation,  then  on  the  filter,  &c.  (§  83,  a .) 

c.  As  the  alumina  may  still  contain  some  silicic  acid,  and  also  lime  and 
sesquioxide  of  iron,  digest  it,  after  wcighing,  for  some  time  with  concen- 
tratcd  hydrochloric  acid ; filter  the  solution  from  the  undissolved  silicic 
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acicl  ; ignite  and  weigli  the  latter,  (do  not  neglect  to  test  its  purity,  see 
page  247).  Supersaturate  the  filtrate  with  solution  of  soda,  add  some 
carbonate  of  soda,  boil,  allow  it  to  deposit,  decant  through  a filter,  boil 
the  precipitate  which  may  have  formed,  again  with  solution  of  soda,  wash, 
dissolve  in  hydrochloric  acid,  and  determine  the  sesquioxide  of  iron 
and  the  lirae  as  directed  § 127,  B.  3,  e.  Deduct  from  the  weight  of  the 
precipitate  produced  by  carbonate  of  ammonia,  the  joiut  weights  of  the 
silicic  acid,  sesquioxide  of  iron,  and  lime  found  therein  : the  dilference 
gives  the  uantity  of  the  alumina. 

( l . Evaporate  the  fluid  filtered  from  the  first  precipitate  of  alumina  ( b .), 
finally  in  a platinum  disli,  and  determine  the  chloride  of  sodium  in  it  as 
directed  § 77,  3. 

e.  Weigli  off  about  15  grm.  of  the  natrolite,  dried  at  212°,  and  deter- 
mine the  water  by  intense  ignition. 

26.  Analysis  of  brass. 

Brass  is  a compound  of  from  25  to  35  per  cent  of  zinc  and  from  65  to 
75  per  cent  of  copper.  Besides  fliese  two  essential  constituents,  it  contains 
usually  also  small  quantities  of  tin  and  lead. 

Dissolve  about  2 grammes  in  nitric  acid.  Do  not  use  more  of  the  acid 
than  is  absolutely  necessary,  as  the  excess  must  be  driven  off. 

If  an  insoluble  residue  remains  (binoxide  of  tin),  filter  the  fluid — after 
previous  dilution  with  water — from  this  residue,  and  add  to  the  filtrate,  or, 
if  the  quantitv  of  the  tin  is  only  very  inconsiderable,  directly  to  the  solution, 
about  30  drops  of  dilute  sulphuric  acid  ; evaporate  the  mixture  to  dryness 
on  the  water-bath,  add  100  c.  c.  of  water,  and  apply  heat.  If  a residue 
remains  (sulphate  of  lead),  filter,  and  wash  with  50  c.  c.  of  water  (as  the 
correct  proportion  between  the  acid  and  the  water  is  of  importance  in  the 
process,  the  water  must  be  accurately  weighed  or  measured).  Add  now 
45  c.  c.  of  hydrochloric  acid  to  the  150  c.  c.  of  fluid,  and  then  precipitate 
the  copper  with  sulphuretted  hydrogen  gas  (not  wrater).  When  com- 
plete  precipitation  has  been  effected,  and  the  sulphide  of  copper  lias 
subsided,  filter,  and  wTash  the  precipitate  with  water  mixed  with  a little 
sulphuretted  hydrogen  water.  Treat  the  sulphide  of  copper  as  directed  in 
§ 95,  1,  c.  Evaporate  the  filtrate,  ncarly  saturate  with  solution  of 
soda,  and  precipitate  with  carbonate  of  soda  (§  85,  a.).  If  the  oxide  of 
zinc  obtained  contains  iron,  determine  the  latter  metal  by  one  of  the 
methods  given  in  § 128. 

27.  Analysis  of  felspar. 

Select  a small  piece  of  felspar  and  triturate  it  in  an  agate  mortar  to  a 
fine  powdcr,  add  some  water,  and  continue  the  trituration  until  all  crepi- 
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tation  ceases  and  the  mass  is  perfectly  smooth  (see  § 14,  page  30).  Dry 
the  paste  in  a small  porcelain  dish  at  212°. 

a.  Fuse  about  15  grm.  with  four  times  the  quantity  of  carbonate  of 
soda  and  potassa  (§  111,  II.  b.  a.),  and  separate  the  silicic  acid  as  directed 
§ 111,  II.  a .) 

b.  In  the  fluid  filtered  from  the  silicic  acid  determine  the  alumina  (and 
the  small  quantities  of  silicic  acid  and  sesquioxide  of  iron,  and  also  of 
alkaline  earths,  which  may  have  been  thrown  down  with  it)  as  directed 
in  the  analysis  of  natrolite  (see  25). 

c.  Treat  about  1 gramme  of  the  felspar  powder  with  hydrofluoric 
acid  gas,  and  decompose  the  metallic  silicofluorides  formed,  by  evaporation 
with  sulphuric  acid.  When  the  excess  of  the  latter  has  been  removed  and 
the  sulphates  formed  are  dissolved  in  hydrochloric  acid  and  water,  precipi- 
tate  the  sulphuric  acid  by  cautious  addition  of  chloride  of  barium  in  vcry 
slight  excess  (should  you  have  added  too  mucli  of  that  re-agent,  add 
again  a few  drops  of  dilute  sulphuric  acid  to  reduce  the  excess  of  chloride 
of  barium  in  the  solution  to  a minimum).  Filter  and  precipitate  the  filtrate 
with  carbonate  of  ammonia  and  ammonia.  The  precipitate  consists 
of  alumina,  mixed  with  some  carbonate  of  baryta  and  sesquioxide  of  iron, 
and  also  lime  and  magnesia,  in  cases  where  these  two  latter  substances  are 
are  present.  In  the  filtrate  determine  the  potassa  as  chloride  of  potassium 
(§  76,  3).  Before  the  quantity  found  of  the  chloride  of  potassium  can  be 
safely  taken  for  correct,  you  must  ascertain  whether  the  solution  of  the 
residuary  salt  remains  clear  when  treated  with  ammonia  and  carbonate  of 
ammonia.  If  you  wish  to  determine  the  alumina  once  more,  dissolve  the 
precipitate  containing  it  in  hydrochloric  acid,  precipitate  the  baryta  most 
cautiouslv  with  a few  drops  of  dilute  sulphuric  acid,  filter,  and  thcn  proceed 
as'in  the  analysis  of  natrolite  (see  25). 

28.  Analysis  of  solder  (tin,  and  lead). 

Put  about  1*5  grm.  of  the  alloy,  cut  into  small  pieces  into  a flask,  pour 
nitric  acid  over  it,  and  proceed  as  directed  § 101,  1 , «.,  to  eflect  the  Separa- 
tion and  estimation  of  the  tin 

Mix  the  filtrate  in  a porcelain  dish  with  pure  dilute  sulphuric  acid,  eva- 
porate  the  nitric  acid  on  the  water-bath,  and  proceed  with  the  sulphate  of 
lead  obtained  as  directed  § 92,  2.  Test  the  fluid  filtered  from  the  sul- 
phate of  lead  with  sulphuretted  hydrogen  and  sulphide  of  ammonium 
for  the  other  metals  which  the  alloy  might  contain  besides  tin  and 
lead. 


29.  Analysis  of  well  or  mineral  water. 
Proceed  as  directed  § 1 73  or  1 74 . 
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30.  PREPARATION  AND  ANALYSIS  OF  THE  ASH  OF  A PLANT. 

(§  213—219.) 

31.  Determination  of  the  specific  gravity  of  hydrochloric 

acid. 

Determine  the  specific  gravity  of  hydrochloric  acid,  witli  the  aid  of  the 
bottle  illustrated  in  Fig.  92  (§  177),  and  calculate  from  this  the  strengtli 
of  the  acid,  with  the  aid  of  Table  II.  in  § 181. 

32.  Determination  of  the  strengtii  of  hydrochloric  acid 

BY  SATURATION. 

Prepare  the  test  acid  and  the  alkaline  test  fluid  as  directed  in  § 182  (a. 
and  ß.),  and  then  determine  by  the  method  described  in  that  paragraph, 
the  strength  of  the  same  hydrochloric  acid  as  in  3 1 . 

33.  Alkalimetry  by  mohr’s  process. 

Determine  the  amount  of  caustic  alkalies  and  alkaline  carbonate  in  a 
sample  of  soda  of  commerce,  by  the  method  described  in  § 186. 

34.  Alkalimetry  by  Descroizilles  and  Gay-Lussac’s  method. 

Determine  the  amount  of  caustic  alkali  and  alkaline  carbonate  in  another 
portion  of  the  same  soda,  by  the  method  described  in  § 185. 

35.  Determination  of  ammonia  by  Schlösing’s  method. 

Weigh  off  about  0*5  grm.  of  pure  Chloride  of  ammonium,  and  deter- 
mine the  ammonium  in  it  as  directed  § 78,  3. 

36.  Determination  of  the  lime  (and  the  Magnesia)  in  a 

LIMESTONE,  BY  ANALYSIS  BY  MEASURE. 

Proceed  as  directed  § 204. 

37-  Determination  of  the  strength  of  a solution  of 

PERMANGANATE  OF  POTASSA. 

Proceed  as  directed  § 89,  2,  a. ; 0-2  grm  of  pianoforte  wire  will  suf- 
fice.  Dilute  the  solution  of  permanganate  of  potassa  to  the  extent  that 
from  20  to  30  c.  c.  of  the  dilute  solution  are  required  for  the  oxidation  of 
0-2  grm.  of  iron,  and  add  from  a burette  divided  in  one-tenth  c.  c. 
Compare  § 206. 

38.  Determination  of  iron  in  an  iron  stone. 


Proceed  as  directed  § 206. 
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39.  Analysis  of  nitrate  of  potassa. 

Weigh  about  05  grm.  of  pure  anhydrous  nitrate  of  potassa,  and  pro- 
ceed  as  directed  § 117,  II.  a.  Before  heating  to  boiling,  after  the  addi- 
tion  of  the  nitrate  of  potassa  to  the  solution  of  protochloride  of  iron,  it  is 
advisable  to  add  some  sulphuric  acid. 

40.  Determination  of  the  copper  by  Schwarz’s  method. 

Weigh  about  4 grms.  of  pure  sulphate  of  copper  and  dissolve  to  200 
c.  c.  Determine  the  copper  in  several  portions  of  50  c.  c.  each  in  the 
manner  directed  § 95,  3,  b. 

41.  Determination  of  ferricyanide  of  potassium  by  De 

Haen’s  method. 

Dissolve  about  0'5  grm.  of  ferricyanide  of  potassium  in  water,  and 
proceed  as  directed  § 198. 

42.  Separation  of  ferro-  and  ferricyanide  of  potassium.* 

Dissolve  about  1 grm.  of  ferricyanide  of  potassium  and  about  the  same 
quantity  of  ferrocyanide  of  potassium  in  100  c.  c.  of  water.  Determiue  in 
one  portion  of  20  c.  c.  the  ferrocyanide  of  potassium,  and  in  another  por 
tion  of  20  c.c.  the  ferricyanide  of  potassium,  in  the  manner  directed  § 198. 

43.  Preparation  of  the  Solutions  required  in  Bunsen’s 
method  of  determining  iodine. 

Method  described  § 114,  Appendix.  The  strength  of  the  solution  of 
iodine  to  be  ascertained  by  means  of  bichromate  of  potassa. 

44.  Examination  of  Chloride  of  lime  by  Bunsen’s  method. 

Method  described  § 194. 

45.  Examination  of  Chloride  of  lime  by  Penot’s  method. 

Examine  a portion  of  the  article  used  in  44,  by  the  method  described 
§ 192. 

46.  Examination  of  Chloride  of  lime  by  means  of  iron. 

Examine  another  portion  of  the  substance  used  in  44,  by  the  method 
described  § 193. 

* Mr.  Lenssen,  of  my  laboratory,  has  deviscd  another  method  to  effect  the  determination 
of  ferricyanogen,  which  gives  also  very  good  results.  It  is  based  upon  the  fact  that,  when 
ferricyanide  of  potassium,  solution  of  iodide  of  potassium,  and  hydrochloric  acid  are  mixed 
together,  an  equivalent  of  iodine  (1586)  separates  for  every  equivalent  of  ferricyanide  of 
potassium  (4119)  (Cfdy,  H,)+H  1=2  (Cfy,  H.2)  + I.  If  the  iodine  is  now  determined  by 
Bunsens  method,  the  quantity  of  the  ferricyanide  of  potassium  is  learnt  with  great  accuracy. 
Lenssen  obtained  in  four  experiments  rcspectively  99'22, — 10T7, — 1024, — 100 '5,  instcad 
of  100. 
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47*  Determination  of  copper  by  De  IIaen’s  method. 

Dissolve  about  5 grins,  of  pure  sulphate  of  copper  in  a sufficient 
quantity  of  water  to  give  500  c.  c.  of  solution.  Determine  the  copper 
in  several  portions  of  10  c.  c.  each  in  the  inanner  described  § 107. 

48.  Examination  of  manganese  ores. 

Method  described  § 196. 

49.  Determination  of  manganese  in  presence  of  iron. 

Dissolve  about  0-2  grm.  of  pianoforte  wire  and  about  0*4  grm.  of  pro- 
tosesquioxide  of  manganese  in  hydrochloric  acid,  and  determine  the  two 
metals  as  directed  § 128,  10,  c. 

50.  Determination  of  silver  by  Gay-Lussac’s  method. 

Dissolve  a small  silver  coin  in  nitric  acid,  and  determine  the  silver  as 
§91,5. 

51  Determination  of  chlorine  by  Liebig’s  method. 

Determine  the  chlorine  in  a weighed  portion  of  pure  chloride  of  sodium 
as  directed  § 112.  I.  c.  ß. 

52.  Determination  of  iodine  by  Kersting’s  method. 

Determine  the  iodine  in  a small  weighed  portion  of  pure  iodide  of 
potassium  as  directed  § 114,  1,  c. 

53.  Determination  of  sugar  by  Fehling’s  method. 

Prepare  the  solution  of  copper  described  in  § 210,  and  determine  with 
the  aid  of  tbis  solution  the  amount  of  saccharine  matter  contained  in  a 
solution  of  honey. 

54.  Examination  of  starch. 

Dry  pure  starch  at  212°  and  examine  it  as  directed  § 210. 

55.  Determination  of  catjstic  soda  in  presence  of  car- 

BONATE  OF  SODA. 

Analyse  a sample  of  soda  of  commerce  containing  caustic  soda,  as 
directed  § 188. 

56.  Examination  of  manganese  ores  by  Fresenius  and 

Will’s  method. 

Take  a fresh  portion  of  the  ore  used  in  46,  and  examine  it  by  the 
method  described  § 195. 
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57.  Determination  of  the  degree  of  solubility  of 

COMMON  SALT. 

a.  At  229  '5°  ( the  boiling  point  of  a saturated  solution  of  common  salt  in 
water).  Dissolve  perfectly  pure  pulverised  chloride  of  sodium  in  distilled 
water,  in  a glass  flask  ; heat  the  solution  to  boiling,  and  keep  in  ebullition 
until  part  of  the  dissolved  salt  separates.  Pass  the  fluid  now  with  the  greatest 
expedition  into  an  accurately  tared  capacious  measuring  flask,  through  a 
funnel  surrounded  with  boiling  water  and  covered  with  a glass  plate.  As 
soon  as  a few  ounces  of  fluid  have  passed  into  the  flask,  insert  the  cork, 
allow  the  fluid  in  the  flask  to  cool,  and  then  weigh.  Eill  the  flask  now  up  to 
the  line  mark  with  water,  and  determine  the  amount  of  salt  in  an  aliquot 
portion  of  the  fluid,  by  evaporating  in  a platinum  dish  ; in  tliis  process  it  is 
advisable  to  add  some  chloride  of  ammonium,  which  will,  in  some  mcasure, 
prevent  the  decrepitation  that  usually  attends  the  ignition  of  common 
salt. 

b.  At  57*2°.  Allow  the  boiling  saturated  solution  to  cool  down  to  57*2° 
with  frequent  shaking,  and  then  proceed  as  in  a. 

100  parts  of  water  dissolve  at  229*5°  . 40*35°  of  chloride  of  sodium. 

100  „ „ 57-2°  . 35*87° 

58.  Determination  of  the  degree  of  solubility  of  sulphate 

OF  LIME. 

a.  Tn  water  of  212°. 

b.  In  water  of  53*6°. 

Digest  pure  pulverised  sulphate  of  lime  for  some  time  with  w*ater,  in 
the  last  stage  of  the  process  at  a temperature  at  from  104°  to  1 22° 
(at  which  temperature  sulphate  of  lime  is  most  soluble) ; sliake  the  mix- 
ture  frequently  during  the  process.  Decant  the  clear  solution  into  two 
flasks,  and  boil  the  fluid  in  one  flask  for  some  time  ; allow  that  in  the 
other  to  cool  down  to  53*6°  (with  frequent  shaking),  and  allow  it  to 
stand  for  some  time  at  that  temperature.  Then  Alter  both  Solutions,  weigh 
the  filtrates,  and  determine  the  amount  of  sulphate  of  lime  respectively 
contained  in  them,  by  evaporating  the  fluids  and  igniting  the  residues. 

100  parts  of  water  dissolve  at  212°  . . 0*217  of  anhydrous  of  sulphate  of  lime. 

100  „ „ 53*6°  . . 0-233 

59.  Analysis  of  atmospiieric  air. 

Method  I.  (§  228). 

O 20*8  vol. 

N 79*2  vol. 

100*0 
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60.  Analysis  of  exhaled  air. 

Metliod  descrübed  § 228.  The  air  is  first  dried  ; the  carbonic  acid  is 
tlien  determined,  and  finally  the  oxygen.* 

ORGANIC  ELEMENTARY  ANALYSES. 

61.  Analysis  of  cane  sugar. 


Select  perfectly  pure  white  crystals.  Triturate  and  dry  at  212°. 


Bum  with  oxide  of  copper,  by  Liebig’s 

method  (§  142  and 

§ 143). 

12  C 

. 900-00 

. 72 

. 42-10 

11  H 

. 137-50 

. 11 

. 6*44 

11  0 

. 1100-00 

. 88 

. 51-46 

2137-50 

171 

10000 

62. 

Analysis  of  crystallised  tartaric  acid. 

Dry  the  powder  of  pure  crystals  of  tartaric  acid  at  212°  and  burn  with 

oxide  of  copper 

, by  Bimsen’ s method  (§  144). 

4 C . 

300-0  . 

24 

32-0 

3 H . 

37-5  . 

3 

4-0 

6 0 

600-0  . 

48 

64-0 

937-5 

75 

100-0 

63.  Analysts  of  oil 

OF  TURPENTINE. 

Select  for  the  analytical  process  oil  of  turpentine  which  has  been  recently 
rectified,  and  perfectly  freed  from  water  by  digestion  with  fused  chloride  of 

calcium.  Method,  § 149. 

5 C 

375 

30 

88-24 

4 H 

50 

4 

11-76 

425 

34 

100-00 

64.  Analysis 

OF  STARCH. 

Dry  pure  starch  at  212°,  and  burn  it  in  a stream  of 

oxygen  gas,  as 

directed  § 147. 

12  C 

* 900 

. 72 

44-44 

10  H 

. 125 

.10 

6-17 

10  0 

. 1000 

. 80 

49-39 

2025 

162 

100-00 

65.  Determination  of  the  carbon  and  hydrogen  in  uric  acid. 

Dry  pure  uric  acid  at  212°,  and  analyse  it  by  the  method  described 
§ 151. 

* IÄebig  found  in  exhaled  air  firom  4 to  5 "4  carbonic  acid,  and  from  14 '95  to  16*36  oxygen. 
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66.  Determination  of  the  nitrogen  in  uric  acid  by  Varren- 

TRAPP  AND  WlLL’s  METHOD. 

Method  described  § 154. 

67.  Determination  of  the  nitrogen  in  uric  acid  by  Püligot’s 

METHOD. 

Method  described  § 155. 

68.  Determination  of  the  nitrogen  in  uric  acid  by  Dumas’ 

METHOD. 

Method  described  § 253. 


5 C 

• 

. 375 

• 

• 

30 

35-71 

2 N 

• 

. 350 

• 

. 

28 

33-33 

2 H 

• 

25 

2 

2-38 

3 0 

• 

. 300 

• 

• 

24 

28  58 

1050 

84 

100-00 

69.  Determination  of  the  sulphur  in  horn. 

Determine  the  sulphur  in  horn  filings  as  directed  § 156.  (Mulder 
found  3'4  per  cent  of  sulphur  in  that  substance.) 

70.  Determination  of  the  density  of  camphor  vapor. 

Method  described  § 161.  Caloulated  result,  § 172. 
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I.  ANALYTICAL  NOTES. 

1.  Action  of  water  upon  glass  and  porcelain  vessels,  in 
THE  PROCESS  OF  EVAPORATION  (to  § 24). 

A large  bottle  was  filled  with  water  whicli  had  been  cautiously  distilled 
from  a copper  steam  apparatus  with  a tin  condensing  tube.  All  tlie  expe- 
riments  in  I.  were  made  with  this  water. 

a.  300  c.  c.  cautiously  evaporated  in  a platinum  dish  left  a residue 
weighing,  after  ignition,  0-0005  grm.  = 0-0017  per  1000. 

b.  600  c.  c.  were  evaporated,  boiling,  nearly  to  dryness,  in  a wide  flask 
of  Bohemian  glass ; the  residue  was  transferred  to  a platinum  dish,  and 
the  flask  rinsed  with  100  c.  c.  of  distilled  water,  which  was  added  to  the 
residue  in  the  dish,  the  fluid  in  the  latter  was  then  evaporated  to  dryness 
and  the  residue  ignited. 

After  ignition,  the  residue  weighed  . . . 0 0104  grm. 

Deducting  from  this  the  quantity  of  fixed  matter  origi- 

nally  contained  in  the  distilled  water,  viz.  . . 0 00 12  „ 

There  remains  substance  dissolved  out  of  the  glass  . 0-0092  „ 

= 0 0153  per  1000. 

In  three  other  experiments,  made  in  the  same  manner,  300  c.  c.  left,  in 
two  0 0049  grm.,  in  the  third  0-0037  grm. ; these,  calculated  for  600  c.  c., 
give  an  average  of  . . 0 0090  grm. 

And  after  deduction  of  . . . . . 0 0012  „ 


00078  „ 

= 0 013  per  1000. 

We  may,  therefore,  asstime  that  1 litre  of  water  dissolvcs,  upon  pro- 
tracted  boiling  in  glass  vessels,  about  14  milligrammes  of  the  constituents 
of  the  glass. 
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c.  600  c.  c.  were  evaporated  nearly  to  dryness  in  a dish  of  Berlin  porce- 
lain,  and,  in  all  other  respects,  treated  as  in  b. 

The  residue  weighed  .....  0 00 15  grm. 

Deducting  from  this  the  quantity  of  fixed  matter  con- 

tained  in  the  distilled  water,  viz.  . . . 0 0012  „ 


There  remains  substance  dissolved  out  of  the  porcelain  . 0 0003  „ 

= 0 0005  per  1000. 

2.  A.CTION  OF  HYDROCHLORIC  ACID  UPON  GLASS,  AND  PORCELAIN 
VESSELS,  IN  THE  PllOCESS  OF  EVAPORATION  (tO  § 24). 

The  distilled  water  used  in  1.  was  mixed  witli  one-tenth  of  pure  hydro- 
chloric  acid. 

a.  300  grammes,  evaporated  in  a platinum  dish,  left  0 002  grm.  re- 
sidue. 

b.  300  grammes,  evaporated  first  in  Bohemian  glass  nearly  to  dryness, 
then  in  a platinum  dish,  left  0 00 19  residue  ; the  dilute  hydrochloric  acid, 
therefore,  had  not  affected  the  glass. 

c.  300  grammes,  evaporated  in  Berlin  porcelain,  &c.,  left  0 0036  grm., 
accordingly  after  deducting  0 002,  0 0016  = 0 0053  per  1000. 

d.  In  a second  experiment  made  in  the  same  manner  as  in  e.,  the  resi- 
due amounted  to  0-0034,  accordingly  after  deducting  0-002,  0-0014  = 
0-0047  per  1000. 

Hydrochloric  acid,  therefore,  affects  glass  rnuch  less  than  water,  wliilst 
in  the  case  of  porcelain  it  is  about  the  same.  This  shows  tliat  the 
action  of  the  water  upon  the  glass  causes  the  formation  of  soluble  basic 
silicates. 

3.  Action  of  solution  of  Chloride  of  Ammonium  upon  glass 

AND  PORCELAIN  VESSELS,  IN  THE  PROCESS  OF  EVAPORATION  (to  § 24). 

In  the  distilled  water  of  1,  one-tenth  of  Chloride  of  ammonium  was  dis- 
solved, and  the  solution  filtered. 

a.  300  c.  c.  evaporated  in  a platinum  dish,  left  0'006  grm,  of  fixed 
residue. 

b.  300  c.  c.,  evaporated  first  nearly  to  dryness  in  Bohemian  glass,  then 
to  dryness  in  a platinum  dish,  left  0-0179  grm.;  deducting  from  this 
0*006  grm.,  there  remains  0-0119  = 0-0397  per  1000  of  dissolved  consti- 
tuents  of  the  glass. 

c.  300  c.  c.,  treated  in  the  same  manner  in  Berlin  porcelain,  left  0-0178; 
deducting  from  this  0-006,  there  remains  0-0118  = 0-0393  per  1000. 

Solution  of  chloride  of  ammonium,  therefore,  strongly  affects  both  glass 
and  porcelain  in  the  process  of  evaporation. 
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4.  Action  of  solution  of  carbonate  of  soda  upon  glass  and 
PORCELAIN  VESSELS  (to  § 24). 

In  the  distilled  water  of  1 , oue-tenth  of  pure  crystallised  carbonate  ot 
soda  was  dissolved. 

a.  300  c.  c.,  supersaturated  with  hydrochloric  acid  and  evaporated  to 
dryness  in  a platinum  disb,  &c.,  left  0 0026  grm.  of  silicic  acid=0’0087 
per  1000. 

b.  300  c.  c.  were  gently  boiled  for  three  hours  in  a glass  vessel,  the 
evaporating  water  being  replaced  from  time  to  time  ; tlie  tolerably  concen- 
trated  liquid  was  tlien  treated  as  in  a.  ; it  left  a residue  weighing  0-1376 
grm. ; deducting  from  tliis  the  0-0026  grm.  left  in  a.,  there  remains  0'135 
grm.  = 0-450  per  1000. 

c.  300  c.  c.,  treated  in  the  same  manner  as  in  b.,  in  a porcelain  vessel, 
left  0-0099  ; deducting  from  this  0-0026  grm.,  there  remains  0‘0073  = 
0-0243  per  1000. 

Which  shows  that  boiling  solution  of  carbonate  of  soda  aflects  glass 
very  strongly,  and  porcelain  also  in  a very  marked  manner. 

5.  Water  distilled  from  glass  vessels  (to  § 39,  1). 

42-41  grammes  of  water  which  had  been  distilled  with  extreme  caution 
from  a tall  glass  flask  with  a Liebig’s  condensing  tube,  left  upon  evapora- 
tion  in  a platinum  dish,  a residue  weighing,  after  ignition,  0"0018  grm., 
consequently  ¥ äfrr- 

6.  Sulphate  of  potassa  and  alcohol  (to  § 47,  ö ). 

a.  Ignited  pure  sulphate  of  potassa  was  digested  cold  with  absolute 
alcohol,  for  several  days,  with  frequent  shaking  of  the  mixture ; the  fluid 
was  filtered  off,  the  filtrate  diluted  with  water,  and  then  mixed  with  Chlo- 
ride of  barium.  It  remained  perfectly  clear  upon  the  addition  of  this  re- 
agent,  but  after  the  lapse  of  a considerable  time  it  began  to  exhibit  a 
sligbt  opalescence.  Upon  evaporation  to  dryness  there  remained  a very 
trifling  residue,  which  manifested,  however,  a distinct  reaction  of  sulphuric 
acid. 

b.  The  same  salt  treated  in  the  same  manner,  with  addition  of  some 
pure  concentrated  sulphuric  acid,  gave  a filtrate,  which  upon  evaporation 
in  a platinum  dish  left  a clearly  perceptible  fixed  residue  of  sulphate  of 
potassa. 

7 Deportment  of  Chloride  of  potassium  in  the  air  and  at  a 
high  temperature  (to  § 47,  c.). 

0 972 7 grm.  of  ignited  (not  fused)  pure  chloride  of  potassium,  heated 
for  ten  minutes  to  dull  redness  in  an  open  platinum  dish,  lost  0-0007  grm.  ; 
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the  salt  was  then  kept  for  ten  minutes  longer  at  the  same  temperature, 
when  no  further  diminution  of  weight  was  observed.  Heated  to  bright 
redness  and  semi-fusion,  the  salt  suffered  a further  loss  of  weight  to  the 
extent  of  0 0009  grm.  Ignited  intensely  and  to  perfect  fusion,  it  lost 
0 0034  grm.,  in  addition  to  the  former  0 000/  and  0*0009  grm. 

Eighteen  hours  exposure  to  the  air  produced  not  the  slightest  increase 
of  weight. 

8.  SOLUBILITY  OF  POTASSIO-BICHLORIDE  OF  PLATINUM  (ßlCHLO- 
IlIDE  OF  PLATINUM  AND  CHLORIDE  OF  POTASSIUM)  IN  ALCOHOL  (tO 

§ 47,  d.). 

a.  In  absence  of free  hydrochloric  acid. 

a.  An  excess  of  perfectly  pure,  recently  precipitated,  potassio-bichloride 
of  platinum  was  digested  for  six  days  at  from  59°  to  68°,  with  alcohol 
of  97*5  per  cent,  in  a stoppered  bottle,  with  frequent  shaking  of  the  mix- 
ture.  72*5  grammes  of  the  perfectly  colorless  filtrate  left  upon  evapora- 
tion  in  a platinum  dish,  a residue  which,  dried  at  212°,  weighed  0*006 
grm.  The  solution  of  one  part  of  potassio-bichloride  of  platinum  requires 
therefore  12083  parts  of  alcohol  of  97*5  per  cent. 

ß.  The  same  experiment  was  made  with  spirit  of  wine  of  76  per  cent. 
The  filtrate  was  nearly  colorless  ; upon  evaporation,  slight  blackening 
ensued,  on  which  account  the  residue  was  determined  as  platinum.  75*5 
grammes  yielded  0*008  grm.  of  platinum  corresponding  to  0*02  grm.  of 
the  potassio-bichloride.  One  part  of  the  latter  salt  dissolves  accordingly 
in  3775  parts  of  spirit  of  wine  of  76  per  cent. 

y.  The  same  experiment  was  made  with  spirit  of  wine  of  55  per  cent : 
the  filtrate  was  distinctly  yellowish.  63*2  grammes  left  0*0241  grm.  of 
platinum,  corresponding  to  0*06  grm.  of  the  potassio-bichloride.  One  part 
of  this  latter  salt  dissolves  accordingly  in  1053  parts  of  spirit  of  wine  of 
55  per  cent. 

b.  In  presence  of  free  hydrochloric  acid. 

Recently  precipitated  potassio-bichloride  of  platinum  was  digested  cold 
with  spirit  of  wine  of  76  per  cent,  to  which  some  hydrochloric  acid  had 
beeil  added.  The  solution  was  yellowish;  67  grammes  left  0*0146  grm. 
of  platinum,  which  corresponds  to  0*0365  grm.  of  the  potassio-bichloride. 
One  part  of  the  latter  salt  dissolves  accordingly  in  1835  parts  of  spirit  of 
wine  of  76  per  cent,  mixed  with  hydrochloric  acid. 

9.  SuLPHATE  OF  SODA  AND  ALCOHOL  (tO  § 48,  O.). 

Experiments  made  with  pure  anhydrous  sulphate  of  soda,  in  the  manner 

described  at  6,  showed  that  this  salt  comports  itself  both  with  pure  alcohol, 
and  alcohol  containing  sulphuric  acid,  exactly  like  the  sulphate  of  potassa. 
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10.  Deportment  of  ignited  sulphate  of  soda  in  the  air 
(to  § 48,  «.). 

2*5169  grammes  of  anhydrous  sulphate  of  soda  were  exposed  in  a watch- 
glass  to  the  open  air  on  a hot  summer  day.  The  first  few  minutes  passed 
without  any  increase  of  weight,  hut  after  the  lapse  of  five  hours  an  increase 
of  0*0061  grm.  was  observed. 

11.  Experiments  with  nitrate  of  soda  (to  § 48,  b.). 

a.  4 '5479  grammes  of  pure  nitrate  of  soda  exposed,  in  a state  of  fusion, 
to  the  air  (in  April,  in  fine  weather),  exhibited  after  the  lapse  of  twenty- 
four  hours,  an  increase  of  weight  of  0*0006  grm. 

b.  4*5479  grammes  of  pure  nitrate  of  soda  were  dissolved  in  water,  in  a 
platinum  dish,  and  pure  nitric  acid  added  to  the  solution ; the  mixture 
was  then  evaporated  to  drvness  on  the  water-bath,  and  the  residue  cautiously 
heated  until  the  mass  at  the  bottom  of  the  dish  began  to  fuse.  The  Con- 
tents of  the  dish  weighed,  after  cooling,  4*5503  grammes.  It  was  then  again 
heated  to  complete  fusion,  and  when  cold  it  weighed  4*5474  grammes. 

12.  Deportment  of  Chloride  of  sodium  in  the  air  (to  § 48,  c.). 

4*3281  grammes  of  chemically  pure,  intensely  ignited  (but  not  fused) 

Chloride  of  sodium,  which  had  been  cooled  under  a bell-glass  over  sul- 
phuric  acid,  acquired  during  forty-five  minutes  exposure  to  the  (somewhat 
moist)  air,  an  increase  of  weight  of  0*0009  grm. 

13.  Deportment  of  Chloride  of  sodium  upon  ignition  both 

WITH  AND  WITHOUT  CHLORIDE  OF  AMMONIUM  (to  § 48,  C.). 

4*3281  grammes  of  chemically  pure,  ignited  chloride  of  sodium  were 
dissolved  in  water  in  a middle-sized  platinum  dish,  and  pure  chloride  of 
ammonium  was  added  to  the  solution,  which  was  then  evaporated  and  the 
residue  gently  heated  until  the  evolution  of  chloride  of  ammonium  fumes 
had  apparently  ceased.  The  residue  weighed  4*3334  grammes.  It  was 
then  very  gently  ignited  for  about  two  minutes,  and  after  this  reweighed, 
when  the  weight  was  found  to  be  4*3314  grammes.  A few  minutes 
ignition  at  a red  heat  reduced  the  weight  to  4*3275  grammes,  and  two 
minutes  further  ignition  at  a bright  red  heat  (upon  which  occasion  white 
fumes  were  seen  to  escape),  to  4*3249  grammes. 

14.  Deportment  of  chloride  of  ammonium  upon  Evaporation 
AND  DRYING  (to  § 49,  «.). 

0*5625  grm.  of  pure  and  perfectly  dry  chloride  of  ammonium  were  dis- 
solved in  water  in  a platinum  dish,  and  the  solution  was  evaporated  to 
dryness  in  the  water-bath  ; the  weight  was  now  found  to  be  0*5622  grm. 
(ratio  100  : 99*94).  It  was  again  heated  for  fifteen  minutes  in  the 
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water-bath,  and  aftervvards  reweiglied,  wlien  the  weight  was  found  to  be 
0*5612  grm.  (ratio  100  : 99*77).  Exposed  once  more  for  fifteen  minutes 
to  the  same  temperature,  the  residue  weighed  0*5608  grm.  (ratio  100: 
99*69). 

15.  SOLUBILITY  OF  AMMONIO-BICHLORIDE  OF  PLATINUM  (BICHLO- 
RIDE  OF  PLATINUM  AND  CHLORIDE  OF  AMMONIUM)  IN  ALCOHOL  (to 

§ 49,  b.). 

a.  In  the  absence  of  free  hydrochloric  acid. 

a.  An  excess  of  perfectly  pure,  recently  precipitated  ammonio-bichlo- 
ride  of  platinum  was  digested  for  six  days,  at  from59°  to  68°,  with  alcohol 
of  97*5  per  cent.,  in  a stoppered  bottle,  the  action  of  the  alcohol  being 
aided  hy  frequent  agitation. 

74*03  grammes  of  the  perfectly  colorless  filtrate  left,  upon  evaporation 
in  a platinum  dish,  a residue  of  platinum  which,  after  ignition,  weighed 
0-0012  grm.,  corresponding  to  0*0028  of  the  ammonio-bichloride.  One 
part  of  the  latter  salt  dissolves  accordingly  in  26535  parts  of  alcohol  of 
97*5  per  cent. 

ß.  The  same  experiment  was  made  with  spirit  of  wine  of  76  per  cent. 
The  filtrate  was  distinctly  yellowish. 

81*75  grammes  left  0*0257  grm.  of  platinum,  which  corresponds  to 
0*0584  grm.  of  the  ammonio-bichloride.  One  part  of  the  latter  salt  dis- 
solves accordingly  in  1406  parts  of  spirit  of  wine  of  76  per  cent. 

y.  The  same  experiment  was  made  with  spirit  of  wine  of  55  per  cent. 
The  filtrate  was  distinctly  yellow.  Slight  blackening  ensued  upon  evapo- 
ration, and  56*5  grammes  of  the  filtrate  left  0*0364  grm.  of  platinum, 
which  corresponds  to  0*08272  grm.  of  the  ammonio-bichloride.  Conse- 
quently  one  part  of  the  latter  salt  dissolves  in  665  parts  of  spirit  of  wine 
of  55  per  cent. 

b.  In  presence  of  hydrochloric  acid. 

The  experiment  described  in  ß.  was  repeated,  with  this  modification, 
that  some  hydrochloric  acid  was  added  to  the  spirit  of  wine.  76*5 
grammes  left  0*0501  grm.  of  platinum,  which  corresponds  to  0T139  grm. 
of  the  ammonio-bichloride.  672  parts  of  the  acidified  alcohol  had  there- 
fore  dissolved  one  part  of  ammonio-bichloride  of  platinum. 

16.  SOLUBILITY  OF  CARBONATE  OF  BARYTA  IN  WATER  (to  § 50,  5.). 

a.  In  cold  water.  Perfectly  pure,  recently  precipitated  carbonate  of 

baryta  (Ba  O,  C02)  was  digested  for  five  days  with  water  of  from  60*8  to 
68°,  with  frequent  shaking  of  the  mixture.  The  solution  was  filtered, 
and  a portion  of  the  filtrate  tested  with  sulphuric  acid,  and  anotlier  por- 
tion  with  ammonia ; the  form  er  reagent  immediately  produced  turbidity 
in  the  fluid,  the  latter  only  after  the  lapse  of  a cousiderable  time.  84*82 
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grammes  of  the  solution  left,  upon  evaporation,  0*006  of  Ba  O,  C02. 
One  part  of  that  salt  dissolves  consequently  in  14137  parts  oi  cold 
water. 

b.  In  hot  tvater.  The  same  carbonate  of  baryta  being  boiled  for  ten 
minutes  with  pure  distilled  water,  gave  a filtrate  manifesting  tbe  same  re- 
actions  as  that  prepared  with  cold  water,  and  remained  perfectly  clear 
upon  cooling.  84*82  grammes  of  the  bot  solution  left,  upon  evaporation, 
0 0055  grm.  of  carbonate  of  baryta.  One  part  of  that  salt  dissolves  there- 
fore  in  15421  parts  of  boiling  water. 

1/.  SoLUBILITY  OF  CARBONATE  OF  BARYTA  IN  WATER  CONTAINING 
AMMONIA  AND  CARBONATE  OF  AMMONIA  (to  § 50,  b.). 

A solution  of  chemically  pure  cbloride  of  barium  was  mixed  with  am- 
monia  and  carbonate  of  ammonia  in  excess,  and  tbe  mixture  gently  beated 
and  allowed  to  stand  at  rest  for  twelve  hours  ; tbe  fluid  was  then  filtered 
off ; the  filtrate  remained  perfectly  clear  upon  addition  of  sulphuric  acid  ; 
but  after  the  lapse  of  a very  considerable  time,  a hardly  perceptible  pre- 
cipitate  separated.  84*82  grammes  of  tbe  filtrate  left,  upon  evaporation 
in  a small  platinum  dish,  and  subsequent  gentle  ignition  of  the  residue, 
0*0000  grm.  of  carbonate  of  baryta.  One  part  of  this  salt  had  dissolved 
in  141000  parts  of  the  fluid. 

18.  SoLUBILITY  OF  SILICO-FLUORIDE  OF  BARIUM  IN  WATER  (tO 

§ 50,  C.). 

a.  Recently  precipitated,  thoroughly  washed  silico-fluoride  of  barium 
was  digested  for  four  davs  in  cold  water,  with  frequent  shaking  of  tbe 
mixture  ; the  fluid  was  then  filtered  off,  and  a portion  of  the  filtrate  tested 
with  dilute  sulphuric  acid,  another  portion  with  solution  of  sulphate  of 
lime  ; both  reagents  produced  turbidity,  the  former  immediately,  the  latter 
after  one  or  two  seconds, — precipitates  separated  from  both  portions  after 
the  lapse  of  some  time.  84*82  grammes  of  the  filtrate  left  a residue 
which,  after  being  thoroughly  dried,  weighed  0*0223  grm.  One  part 
of  the  salt  had  consequently  required  3802  parts  of  cold  water  for  its 
solution. 

b.  Another  sample  of  recently  precipitated  silico-fluoride  of  barium  was 
heated  with  water  to  ebullition,  and  the  solution  allowed  to  cool  (upon 
which  a portion  of  the  dissolved  salt  separated  again).  The  cold  fluid 
was  left  for  a considerable  time  longer  in  contact  with  the  undissolved 
salt,  and  was  then  filtered  off.  The  filtrate  sliowed  the  same  deportment 
with  solution  of  sulphate  of  lime  as  that  of  a.  84*82  grammes  of  it  left 
0 025  grm.  of  silico-fluoride  of  barium.  One  part  of  that  salt  had  accord- 
ingly  dissolved  in  3392  parts  of  water. 
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19.  SOLUBILITY  OF  SILICO-FLUORIDE  OF  BARIUM  IN  WATER  ACI- 
DIFIED  W1TH  HYDROCHLORIC  ACID  (tO  § 50,  C.). 

a.  Recently  precipitated,  pure  silico-fluoride  of  barium  was  digested  for 
three  weeks  with  cold  water  acidified  with  hydrochloric  acid,  the  dissolv- 
ing  action  of  the  water  being  aided  by  frequent  agitation  of  the  mixture. 
The  filtrate  gave  with  sulphuric  acid  a rather  copious  precipitate. 
84*82  grammes  left  0*1155  grm.  of  thoroughly  dried  residue,  which,  cal- 
culated  as  silico-fluoride  of  barium,  gives  733  parts  of  fluid  to  one  part  of 
tliat  salt. 

b.  Recently  precipitated,  pure  silico-fluoride  of  barium  was  mixed  with 
water  very  slightly  acidified  with  hydrocliloric  acid,  and  the  mixture  heated 
to  boiling.  84*82  grammes  of  the  filtrate,  cooled-down  to  53*6°,  left 
a residue  of  0 1322  grm.,  which  gives  640  parts  of  fluid  to  one  part  of 
the  salt. 

N.B.  The  solution  of  silico-fluoride  of  barium  in  hydrochloric  acid  is 
not  effected  without  decomposition  ; at  least,  the  residue  contained,  even 
after  ignition,  a rather  large  proportion  of  chloride  of  barium. 

20.  SOLUBILITY  OF  SULPHATE  OP  STRONTIA  IN  WATER  (to  § 51,  ö.)  . 

a.  In  water  of  57*2°. 

84*82  grammes  of  a solution  prepared  by  four  days’  digestion  of  re- 
cently precipitated  sulphate  of  strontia  with  water  of  the  common  tempe- 
rature,  left  0*0123  grm.  of  sulphate  of  strontia.  One  part  of  Sr  O,  S03 
dissolves  cousequently  in  6895  parts  of  water. 

b.  In  water  of  212°. 

84*82  grammes  of  a solution  prepared  by  boiling  recently  precipitated 
sulphate  of  strontia  several  hours  with  water,  left  0*0088  grm.  of  sulphate 
of  strontia.  Consequently  one  part  of  SrO,  S03  dissolves  in  9638  parts  of 
boiling  water. 

21.  SOLUBILITY  OF  SULPHATE  OF  STRONTIA  IN  WATER  CONTAIN- 
ING  HYDROCHLORIC  ACID  AND  SULPHURIC  ACID  (to  § 51,  ß.). 

a.  84*82  grammes  of  a solution  prepared  by  three  days’  digestion,  left 
0*0077  grm.  of  SrO,  S03. 

b.  42*41  grammes  of  a solution  prepared  by  four  days’  digestion,  left 
0*0036  grm. 

c.  Pure  carbonate  of  strontia  was  dissolved  in  an  excess  of  hydrochloric 
acid,  and  the  solution  precipitated  with  an  excess  of  sulphuric  acid  and 
then  allowed  to  stand  in  the  cold  for  a fortnight.  84*82  grammes  of  the 
filtrate  left  0*0066  gram. 

In  a.  1 part  of  Sr  O,  S03  required  11016  parts. 

b.  1 „ „ 11780  „ 

c.  1 „ „ 12791  „ 


Mean 
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22.  Solu bility  of  carbonate  of  strontia  in  cold  water  (to 
§51,  b.). 

Recently  precipitated,  thoroughly  washed  carbonate  of  strontia  (Sr  O, 
CO  2)  was  digested  several  days  with  cold  distilled  water,  with  frequent 
shaking.  84-82  grammes  of  the  filtrate  left,  upon  evaporation,  a residue 
weighing,  after  ignition,  0004/  grm.  One  part  of  carbonate  of  strontia 
requires  therefore  18045  parts  of  water  for  its  solution. 

23.  SOLUBILITY  OF  CARBONATE  OF  STRONTIA  IN  WATER  CONTAIN- 
ING  AMMONIA  AND  CARBONATE  OF  AMMONIA  (to  § 51,  b.). 

Recently  precipitated,  thoroughly  washed  carbonate  of  strontia  was 
digested  for  four  weeks  with  cold  water  containing  ammonia  and  carbonate 
of  ammonia,  the  Operation  being  aided  by  frequent  shaking.  84 '82 
grammes  of  the  filtrate  left  0*0015  grm.  of  Sr  0,  C02.  Consequently 
one  part  of  the  salt  requires  56545  parts  of  this  fluid  for  its  solu- 
tion. 

If  solution  of  chloride  of  Strontium  is  precipitated  with  carbonate  of 
ammonia  and  ammonia  (§  80,  2,  ö.),  sulphuric  acid  produces  no  turbidity 
in  the  filtrate,  after  previous  addition  of  alcohol. 

24.  Solu  bility  of  carbonate  of  ume  in  cold  water  (to  § 
52,  b.). 

Recently  precipitated  carbonate  of  lime  was  boiled  for  some  time  with 
distilled  w^ater,  and  the  fluid  then  digested  cold,  for  four  weeks,  with  the 
undissolved  residue ; the  Operation  being  aided  by  frequent  shakino-, 
84-82  grammes  of  the  filtrate  left  0-0080  of  Ca  O,  C02.  One  part  of  the 
carbonate  requires  consequently  10601  parts  of  cold  water  for  its  solution. 

25.  SOLUBILITY  OF  CARBONATE  OF  LIME  IN  BOILING  WATER  (to 
§ 52,  b.). 

Recently  precipitated  CaO,  C02  was  boiled  for  some  time  with  dis- 
tilled water.  42‘41  grammes  of  the  filtrate  left,  upon  evaporation  and 
subsequent  gentle  ignition  of  the  residue,  0 0048  grm.  of  CaO,  C02. 
The  solution  of  one  part  of  carbonate  of  lime  requires  consequently  8834 
parts  of  boiling  water. 

26.  SOLUBILITY  OF  Ca  O,  C02  IN  WATER  CONTAINING  AMMONIA 
AND  CARBONATE  OF  AMMONIA  (to  § 52,  b.). 

Pure  solution  of  chloride  of  calcium  was  precipitated  with  carbonate  of 
ammonia  and  ammonia,  and  the  precipitate  allowed  twenty-four  liours  to 
subside  ; the  fluid  was  then  filtered  off.  84-82  grammes  of  the  filtrate 
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left  0-0013  grm.  of  CaO,  C02.  One  part  of  carbonate  of  lime  requires 
consequently  65246  parts  of  this  fluid  for  its  solution. 

27*  Deportment  of  carbonate  of  lime  upon  ignition  in  a 
PLATINUM  CRUCIBLE  (to  § 52,  b.). 

07955  grm.  of  perfectly  dry  carbonate  of  lime  were  exposed,  in  a small 
and  thin  platinum  crucible,  to  tbe  gradually  increased,  and  flnally  most 
intense  beat  of  a good  Berzelius ’ lamp.  The  crucible  was  open  and  placed 
obliquely  (Fig.  37).  After  the  first  fifteen  minutes  the  mass  weighed 
0*6482  grm., — after  half  an  hour  0-6256  grm., — after  one  hour  0-5927 
grm.,  which  latter  weight  remained  unaltered  after  fifteen  minntes’  addi- 
tional heating.  This  corresponds  to  74*5  per  cent,  whilst  the  proportion 
of  lime  in  the  carbonate  is  calculated  at  56  per  cent ; there  remains  there- 
fore  evidently  still  a considerable  amount  of  the  carbonic  acid. 

28.  Com  Position  of  oxalate  of  lime  dried  at  212°  (to  § 52,  c.). 

0-8510  grm.  of  pure,  thoroughly  dry  carbonate  of  lime  were  dissolved 

in  hydrochloric  acid ; the  solution  was  precipitat'ed  with  oxalate  of  am- 
mouia  and  ammonia,  and  the  precipitate  collected  upon  a tared  filter  and 
dried  at  212°  until  the  w-eight  remained  constant.  The  oxalate  of  lime 
so  produced  weighed  1-2461  grm.  Calculating  this  as  Ca  O,  C2  03  + aq, 
the  amount  found  contained  0-4772  of  Ca  O,  which  corresponds  to 
56-07  per  cent  in  the  carbonate  of  lime ; the  calculated  proportion  of  lime 
in  the  latter  is  56  per  cent. 

29.  Deportment  of  sulphate  of  magnesta  in  the  air  and 
upon  ignition  (to  § 53,  a.). 

0-8135  grm.  of  perfectly  pure,  anhydrous  MgO,  S03  in  a covered  pla- 
tinum crucible,  acquired  by  exposure  on  a fine  and  warm  day  in  June,  in 
half  an  hour,  an  increase  of  weight  of  0-004  grm.,  and  in  the  course  of 
twelve  hours,  0-067  grm.  Exposed  to  the  air  in  the  open  crucible,  the 
salt  could  not  be  accurately  weighed,  owing  to  its  continuous  increase. 

0-8135  grm.,  exposed  for  some  time  to  a very  moderate  red  heat,  suffered 
no  diminution  of  weight ; but,  after  five  minutes,  exposure  to  an  intense  red 
heat,  they  were  found  to  have  lost  0 0075  grm,  and  the  solution  of  the 
residue  in  water  gave  no  longer  a clear  fluid. 

30.  SoLUBILITY  OF  THE  BASIC  PHOSPHATE  OF  MAGNESIA  AND 
AMMONIA  IN  PURE  WATER  (to  § 53). 

a.  Recently  precipitated  basic  pliosphate  of  magnesia  and  ammonia  was 
thoroughly  washed  with  water,  and  then  digested  for  twenty-four  hours 
with  water  of  about  59°,  with  frequent  shaking. 
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84-42  grammes  of  the  filtrate  left  . . . 0-0047  grm. 

of  pvrophosphate  of  magnesia. 

b.  The  same  precipi täte  was  digested  in  the  samemanner 
for  seventy-two  hours. 

84-42  grammes  of  the  filtrate  left  . . . 0-0043  grm. 


Average  0-0045  grm. 

which  corresponds  to  0-00552  grm.  of  the  anhydrous  double  salt.  One 
part  of  that  salt  dissolves  therefore  in  15293  parts  of  pure  water. 

The  cold  saturated  solution  gave  with  ammonia,  after  the  lapse  of  a 
short  time,  a distinctly  perceptible  crystalline  precipitate  ; — on  the  addition 
of  phosphate  of  soda,  it  remained  perfectly  clear,  and  even  after  the  lapse  of 
two  days  no  precipitate  had  formed  ; — phosphate  of  soda  and  ammonia 
produced  a precipitate  as  large  as  that  by  ammonia. 

31.  SoLUBILITY  OF  BASIC  PHOSPHATE  OF  MAGNESIA  AND  AMMONIA 
IN  WATER  CONTAINING  AMMONIA  (to  § 53,  b.). 

a.  Pure  basic  phosphate  of  magnesia  and  ammonia  was  dissolved  in  the 

least  possible  amount  of  nitric  acid ; a large  quantity  of  water  was  added 
to  the  solution,  and  then  ammonia  in  excess.  The  mixture  was  allowed 
to  stand  at  rest  for  twenty-four  hours,  and  then  filtered ; its  temperature 
was  57*2°.  84*42  grammes  of  the  filtrate  left  0-0015  grm.  of  pyroplios- 

phate  of  magnesia,  which  corresponds  to  0"00184  grm.  of  the  anhydrous 
double  salt.  Consequently  one  part  requires  45880  parts  of  ammoniated 
water  for  its  solution. 

b.  Pure  basic  phosphate  of  magnesia  and  ammonia  was  digested  for 
four  weeks  with  ammoniated  water,  the  Operation  being  aided  by  frequent 
shaking;  the  fluid  (temperature  57-2°)  was  then  filtered  off;  126-G3 
grammes  of  the  filtrate  left  0-0024  grm.  of  the  pyrophosphate  of  mag- 
nesia, which  corresponds  to  0-00296  grm.  of  the  double  salt.  One  part 
of  it  therefore  dissolves  in  42780  parts  of  ammoniated  water  ; taking  the 
average  of  a.  and  b.,  one  part  of  the  double  salt  requires  44330  parts  of 
ammoniated  water  for  solution. 

32.  AnOTHER  EXPERIMENT  OF  THE  SAME  SUBSTANCE  AS  31. 

Recently  precipitated  phosphate  of  magnesia  and  ammonia,  most  care- 

fully  washed  with  water  containing  ammonia,  was  dissolved  in  water  acidi 
fied  with  hydrochloric  acid,  ammonia  added  to  the  solution,  and  the  fluid 
allowed  to  stand  in  the  cold  for  twenty-four  hours.  1G9"G4  grammes  of 
the  filtrate  left  0*0031  grm.  of  pyrophosphate  of  magnesia,  corresponding 
to  0'0038  of  anhydrous  phosphate  of  magnesia  and  ammonia.  One  part 
of  the  double  salt  required  therefore  44600  parts  of  the  fluid. 
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33.  SoLUBILITY  OF  THE  BASIC  PHOSPHATE  OF  MAGNESIA  AND 
AMMONIA  IN  WATER  CONTAINING  CHLORIDE  OF  AMMONIUM  (to 

§ 53,  b.). 

Recently  precipitated,  thorouglily  washed  basic  phosphate  of  magnesia 
and  ammonia  was  digested  cold  with  a solution  of  one  pavt  of  chloride  of 
ammonium  in  five  parts  of  water.  18*4945  grammes  of  the  filtrate  left 
04)02  grm.  of  pyrophosphate  of  magnesia,  which  corresponds  to  0-00245 
grm.  of  the  double  salt.  One  part  of  the  salt  dissolves  therefore  in 
7548  parts  of  the  fluid. 

34.  Solu bility  of  the  basic  phosphate  of  magnesia  and 

AMMONIA  IN  WATER  CONTAINING  AMMONIA  AND  CHLORIDE  OF  AM- 
MONIUM (to  § 53,  b). 

Recently  precipitated,  thoroughly  washed  phosphate  of  magnesia  and 
ammonia  was  digested  cold  with  a solution  of  one  part  of  chloride  of 
ammonium  in  seven  parts  of  ammoniated  water.  23-1283  grammes  of 
the  filtrate  left  0*0012  grm.  of  pyrophosphate  of  magnesia,  which  cor- 
responds to  0*00148  grm.  of  the  double  salt.  One  part  of  the  double 
salt  requires  consequently  15627  parts  of  the  fluid  for  its  solution. 

35.  Deportment  of  acid  Solutions  of  pyrophosphate  of 
MAGNESIA  WITH  AMMONIA  (tO  § 53,  C.). 

0*3985  grm.  of  pyrophosphate  of  magnesia  were  treated  for  several 
hours,  at  a high  temperature,  with  concentrated  sulphuric  acid.  This 
exercised  no  perceptible  action.  It  was  only  after  the  addition  of  some 
water  that  the  precipitate  dissolved.  The  fluid  lieated  for  some  time 
gave,  upon  addition  of  ammonia  in  excess,  a crystalline  precipitate. 
After  eighteen  hours  it  was  filtered  from  the  latter,  which  gave  0*3805 
grm.  of  pyrophosphate  of  magnesia,  that  is,  95*48  per  cent.  Phosphate 
of  soda  produced  in  the  filtrate  a trifling  precipitate,  which  gave  0*0150 
grm.  of  pyrophosphate  of  magnesia,  that  is  3*76  per  cent.  0*3565  grm. 
of  pyrophosphate  of  magnesia  were  dissolved  in  3 grammes  of  nitric  acid 
of.  1*2  specific  gravity  ; the  solution  was  heated,  diluted,  and  precipitated 
with  ammonia  : the  quantity  of  pyrophosphate  of  magnesia  reprecipitated 
amounted  to  0*3485  grm.,  that  is,  98*42  per  cent ; 0*4975  grm.  were 
treated  in  the  same  manner  with  7*6  grammes  of  the  same  nitric  acid  : 
the  quantity  re-obtained  was  0 4935  grm.,  that  is.  99*19  per  cent. 

0*786  grm.,  treated  in  the  same  manner  with  16*2  grammes  of  nitric 
acid,  gave  0*7765  grm.,  that  is,  98*79  per  cent. 

Therefore  : — 


Proportion  of  the  nitric  acid 
to  the  2 Mg  O,  P 05. 

Re-obtained. 

Löss. 

1 

: 9 

98*42 

1*58 

1 

: 15 

99*19 

0*81 

1 

: 20 

98*79 

1*21 
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36.  SoLUBTLITY  OF  PURE  MAGNESIA  IN  WATER  (tO  § 53,  d.). 

a.  In  cold  water. 

Perfectly  pure  well  crystallised  sulphate  of  magnesia  was  dissolved  in 
water,  and  the  solution  precipitated  with  carbonate  of  ammonia  and 
caustic  ammonia ; the  precipitate  was  thoroughly  washed — (and  yet, 
notwithstanding,  it  retained  still  a perceptible  trace  of  sulphuric  acid) — 
and  tlien  dissolved  in  pure  nitric  acid.  The  solution  (which  contained 
no  free  acid)  was  then  again  precipitated  with  carbonate  of  ammonia  and 
caustic  ammonia,  and  the  precipitate  again  thoroughly  washed.  The  so 
prepared  perfectly  pure  hasic  carbonate  of  magnesia  was  ignited  in  a 
platinum  crucible  until  the  weight  remained  constant.  The  residuary 
pure  magnesia  was  then  digested  cold  for  twenty-four  hours  with  distilled 
water,  the  Operation  being  aided  by  frequent  shaking.  (The  distilled  water 
was  perfectly  free  from  chlorine,  and  left  no  fixed  residue  upon  evapo- 
ratiou.) 

a.  84-82  grammes  of  the  filtrate,  cautiously  evaporated  in  a platinum 

dish,  left  a residue  weighing,  after  ignitiou,  0'0015  grm.  One  part  of  the 
pure  magnesia  dissolved  therefore  in  56546 

parts  of  cold  water. 

The  digestion  was  continued  for  forty-eight  hours  longer, 
when 

ß.  84-82  grammes  of  the  filtrate  left  0 00 16  grm.  One 
part  of  the  magnesia  required  therefore  . . . 530 1 2 

y.  84-82  grammes  of  the  filtrate  left  0'0015  grm.  One 
part  required  ......  56546 

Average  55368 

The  cold  prepared  solution  of  magnesia  in  water  has  a feebly  yet  dis- 
tinctly  alkaline  reaction,  which  is  most  easily  perceived  upon  the  addition 
of  very  faintly  reddened  tincture  of  litmus ; the  alkaline  reaction  of  the 
solution  is  perfectly  manifest  also  with  slightly  reddened  litmus  paper,  or 
with  turmeric  or  dahlia  paper,  if  these  test-papers  are  left  for  some 
time  in  contact  with  the  solution. 

Alkaline  carbonates  fail  to  render  the  solution  turbid,  even  upon  ebulli- 
tion.  Phosphate  of  soda  also  fails  to  impair  the  clearness  of  the  solution, 
but  if  ammonia  is  added,  and  the  fluid  shaken,  the  latter  becomes  speedily 
turbid,  and  deposits  after  some  time  a perceptible  precipitate  of  basic 
phosphate  of  magnesia  and  ammonia. 

b.  In  hot  water. 

Upon  boiling  pure  magnesia  with  water,  a solution  is  obtained  which 
comports  itself  in  every  respect  like  the  cold  prepared  solution  of  magnesia. 
A hot  prepared  solution  of  magnesia  does  not  become  turbid  upon  cooling, 
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nor  does  a cold  prepared  solution  upon  ebullition.  84 ‘82  grammes  of  hot 
prepared  solution  of  magnesia  left  0*0016  grm.  of  Mg  O. 

37.  Precipitation  of  alumina  by  ammonia,  etc.  (to  § 54,  a.). 

a.  Ammonia  produces  in  neutral  Solutions  of  alumina  or  of  alum, 
gelatinous  precipitates  of  liydrate  of  alumina.  Upon  further  addition  of 
ammonia  in  considerable  excess,  the  precipitate  redissolves  gradually, 
without  however  disappearing  altogether. 

b.  If  a drop  of  a dilute  solution  of  alum  is  mixed  with  a copious 
amount  of  ammonia,  and  the  mixture  shaken,  the  solution  appears  almost 
perfectly  clear,  hut,  after  standing  at  rest  for  some  time,  slight  flakes 
separate. 

c.  If  a solution  of  alumina,  mixed  with  a large  amount  of  ammonia  is 
filtered,  and 

a.  The  filtrate  is  boiled  for  a considerable  time,  flakes  of  hydrate  of 
alumina  separate  gradually  as  the  excess  of  ammonia  escapes. 

ß.  The  filtrate  is  mixed  with  solution  of  Chloride  of  ammonium,  a very 
perceptible  flocculent  precipitate  of  hydrate  of  alumina  separates  imme- 
diately ; the  whole  of  the  hydrated  alumina  present  in  the  solution  will 
thus  separate  if  the  chloride  of  ammonium  be  added  in  sufficient  quantity. 

y.  The  filtrate  is  mixed  with  sesquicarbonate  of  ammonia,  the  same 
reaction  takes  place  as  in  ß. 

8.  The  filtrate  is  mixed  with  solution  of  chloride  of  sodium  or  chloride 
of  potassium,  no  precipitate  separates,  but  after  several  days’  standing, 
slight  flakes  of  hydrate  of  alumina  subside,  owing  to  the  decrease  of  am- 
monia by  evaporation. 

d.  If  a neutral  solution  of  alumina  is  precipitated  with  carbonate  of 
ammonia,  or  a strongly  acidified  (with  hydrochloric  or  nitric  acid)  solution 
with  pure  ammonia  ; or  if  to  a neutral  solutiou  a sufficient  amount  of 
chloride  of  ammonium  is  added  besides  the  ammonia,  even  a considerable 
excess  of  the  precipitants  will  fail  to  redissolve  the  precipitated  alumina, 
as  appears  from  the  continued  perfect  clearness  of  the  filtrates  upon  pro- 
tracted  boiling  and  evaporation. 

38.  Precipitation  of  alumina  by  sulphide  of  ammonium 
(to  § 54,  a.). 

( Experiments  made  by  Mr.  J.  Fuchs,  formerly  assistant  in  my  laboratory) . 

a.  50  c.  c.  of  a solution  of  pure  ammouia-alum,  which  contained  0*3939 
of  alumina,  were  mixed  with  50  c.  c.  of  water  and  10  c.  c.  of  sulphide  of 
ammonium,  and  the  mixture  was  filtered  after  the  lapse  of  ten  minutes. 
The  precipitate  weighed,  after  ignition,  0*3825  grm. 

b.  The  same  experiment  was  repeated  with  100  c.  c.  of  water;  the 
precipitate  weighed  0*3759. 
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c.  The  same  experiment  was  repeated  with  200  c.  c.  of  water ; the 
precipitated  alumina  weighed  0‘3642. 

39.  Precipitation  of  sesquioxide  of  chromium  by  ammonia 
(to  § 55,  «.). 

Solutions  of  protochloride  of  chromium  and  of  chrome-alum  (concen- 
trated  and  dilute,  neutral  and  acidified  with  hydrochloric  acid)  were 
mixed  with  ammonia  in  excess.  All  the  filtrates  drawn  off  immediately 
after  precipitation  appeared  red,  but  when  filtered  after  previous  ebullition, 
they  all  appeared  colorless,  if  the  ebullition  had  been  sufficiently  pro- 
tracted. 

40.  SoLUBILITY  OF  THE  BASIC  CARBONATE  OF  ZINC  IN  WATER 

(to  § 56,  a.). 

Perfectly  pure,  recently  (hot)  precipitated  basic  carbonate  of  zinc  was 
heated  with  distilled  water,  and  subsequently  digested  cold  for  many 
weeks,  the  Operation  being  aided  by  frequent  shaking.  The  clear  Solu- 
tion gave  no  precipitate  with  sulphide  of  ammonium,  not  even  after  long 
Standing. 

84’82  grammes  left  0’0014  grm.  of  oxide  of  zinc,  which  corresponds 
to  0-0019  of  basic  carbonate  of  zinc  (Zn  0 assumed  = 74  per  cent  in  this 
salt).  One  part  of  the  basic  carbonate  requires  therefore  44642  parts 
of  water  for  solution. 

41.  Deportment  of  sulphide  of  nickel  with  sulphide  of 
AMMONIUM,  ETC.  (to  § 58,  C.). 

A dilute  solution  of  pure  sulphate  of  protoxide  of  nickel  and  potassa 
was  mixed  with  a very  slight  excess  of  colorless  hydrosulphate  of  sulphide 
of  ammonium  perfectly  saturated  with  sulphuretted  hydrogen.  The 
following  experiments  were  then  made  with  the  precipitated  fluid  : 

a.  One  portion  was  filtered  off  at  once.  The  filtrate  was  and  remained 
perfectly  clear  and  colorless. 

b.  Auother  portion  was  digested  with  an  excess  of  colorless  and  per- 
fectly saturated  hydrosulphate  of  sulphide  of  ammonium  ; and 

a.  Filtered  without  previous  application  of  heat.  The  filtrate  pre- 
sented  a liardly  perceptible  shade  of  yellow  ; no  precipitate  separated,  even 
after  long  standing. 

ß.  Filtered  after  previous  application  of  heat.  The  filtered  fluid  ex- 
liibited  a more  marked  shade  of  yellow,  and  deposited  some  sulphide  of 
nickel,  after  several  days’  standing. 

c.  Another  portion  was  digested  with  an  excess  of  yellow  sulphide  of 
ammonium  (prepared  by  exposing  perfectly  saturated  hydrosulphate  of 
sulphide  of  ammonium  to  the  action  of  the  air).  The  filtrate  was  yellow 
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without  the  least  shade  of  brown ; after  several  days’  standing,  a sligb.t 
precipitate  of  sulpbide  of  nickel  had  separated. 

d.  Another  portion  was  digested  cold  with  aramoniated  water.  The 
filtrate  exbibited  a faint  brownish  tint. 

e.  Another  portion  was  digested  with  ammonia  and  colorless  hydrosul- 
pliate  of  snlpbide  of  ammoniura.  The  filtrate  was  of  a distinct  light 
brown  color.  After  several  days’  standing  a slight  precipitate  of  sulphide 
of  nickel  had  separated. 

f.  Another  portion  was  digested  with  ammonia  and  yellow  sulphide  of 
ammonium.  The  filtrate  was  likewise  of  a brownish  color,  and  comported 
itself  like  the  filtrate  of  e. 

42.  Deportment  of  hydrate  of  protoxide  of  cobalt  precipi- 
TATED  BY  ALKALIES  (to  § 59,  CI.). 

A solution  of  protocliloride  of  cobalt  was  precipitated  boiling  with  solu- 
tion  of  soda  and  the  precipitate  washed  with  boiling  water  until  the  filtrate 
gave  no  longer  the  least  indication  of  presence  of  chlorine.  The  dried  and 
ignited  residue,  heated  with  water,  manifested  no  alkaline  reaction.  It 
was  reduced  by  ignition  in  hydrogen  gas,  and  the  reduced  metallic  cobalt 
digested  hot  with  water.  The  decanted  water  manifested  no  alkaline 
reaction,  even  after  considerable  concentration ; but  the  metallic  cobalt, 
brought  into  contact,  moist,  with  turmeric  paper,  imparted  to  the  latter  a 
strong  brown  color. 

43.  SOLUBILITY  OF  CARBONATE  OF  LEAD  (to  § 62,  ö.). 

a.  ln  pure  water. 

Recently  precipitated,  pure,  and  thoroughly  washed  carbonate  of  lead 
was  digested  for  eight  days  with  water  at  the  common  temperature,  the 
Operation  being  aided  by  frequent  shaking.  84-82  grammes  of  the  fil- 
trate were  evaporated,  some  pure  sulphuric  acid  heilig  added  during 
the  process ; the  residuary  sulphate  of  lead  weighed  0-0019  grm.,  which 
corresponds  to  0-00167  grm.  of  carbonate  of  lead.  One  part  of  the 
latter  salt  dissolves  therefore  in  5055 1 parts  of  water.  The  solution, 
mixed  with  sulphuretted  hydrogen  water,  remained  perfectly  colorless,  not 
the  least  tint  being  detected  in  it,  even  upon  looking  through  it  from  the 
top  of  the  test  cylinder. 

b.  In  water  containing  a little  acetate  of  ammonia  and  also  carbonate 
of  ammonia  and  ammonia. 

A highly  dilute  solution  of  pure  acetate  of  lead  was  mixed  with  car- 
bonate of  ammonia  and  ammonia  in  excess,  and  the  mixture  gently  heated 
and  allowed  to  stand  at  rest  for  several  days.  84*42  grammes  of  the 
filtrate  left,  upon  evaporation  with  a little  sulphuric  acid,  0*0041  grm.  of 
sulphate  of  lead,  which  corresponds  to  0-0036  grm.  of  the  carbonate. 
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One  part  of  the  latter  salt  requires  accordingly  23450  parts  of  the  fluid  b. 
for  solution.  The  solution  was  mixed  witli  sulphuretted  hydrogen  water  ; 
when  looking  through  the  fluid  from  the  top  of  the  test  cylinder,  a dis- 
tinct  coloration  was  visible,  but  when  looking  through  the  cylinder  laterally 
this  coloration  was  hardly  perceptible.  Traces  of  sulphide  of  lead  sepa- 
rated  after  the  lapse  of  some  time. 

c.  In  water  containing  a large  proportion  of  nitrate  of  ammonia , toge- 
ther  with  carbonat e of  ammonia  und  caustic  ammonia. 

A highly  dilute  solution  of  acetate  of  lead  was  mixed  with  nitric  acid, 
and  then  with  carbonate  of  ammonia  and  caustic  ammonia  in  excess  ; the 
mixture  was  gently  heated,  and  allowed  to  stand  at  rest  for  eight  days. 
The  filtrate,  mixed  with  sulphuretted  hydrogen,  exhibited  a very  distinct 
brownish  color,  upon  looking  through  it  from  the  top  of  the  cylinder,  but 
this  color  appeared  very  slight  only  when  looking  through  the  cylinder 
laterally.  The  amount  of  lead  dissolved  was  unquestionably  more  con- 
siderable  than  the  quantity  dissolved  in  b. 

44.  SoLUBILITY  OF  OXALATE  OF  LEAD  (to  § 62,  b.). 

A dilute  solution  of  acetate  of  lead  was  precipitated  with  oxalate  of 
ammonia  and  ammonia,  and  the  mixture  allowed  to  stand  at  rest  for  some 
time,  and  then  filtered.  The  filtrate,  mixed  with  sulphuretted  hydrogen, 
comported  itself  exactly  like  the  filtrate  of  43,  b.  The  same  deportment 
was  observed  in  another  similar  experiment,  in  which  nitrate  of  ammonia 
had  been  added  to  the  solution. 

45.  SoLUBILITY  OF  SULPHATE  OF  LEAD  IN  PURE  WATER  (to  § 

62,  d .) 

Thoroughly  washed  and  still  moist  sulphate  of  lead  was  digested  for  five 
days  with  water,  at  a temperature  of  from  50°  to  59°  the  Operation  being 
aided  by  frequent  shaking.  84*42  grammes  of  the  filtrate  (filtered 
off  at  5T8°)  left  0*0037  grm.  of  sulphate  of  lead.  Consequently  one 
part  of  this  salt  requires  22816  parts  of  pure  water  of  5T8°  for  solu- 
tion. 

The  solution,  mixed  with  sulphuretted  hydrogen  exhibited  a distinct 
brown  color  when  viewed  from  the  top  of  the  cylinder,  but  this  color 
appeared  very  slight  upon  looking  through  the  cylinder  laterally. 

46.  SOLUBILITY  OF  SULPHATE  OF  LEAD  IN  WATER  CONTAINING 
SULPHURIC  ACID  (to  § 62,  d.) 

A higlily  dilute  solution  of  acetate  of  lead  was  mixed  with  an  excess  of 
dilute  pure  sulphuric  acid  ; the  mixture  was  very  gently  heated,  and  the 
precipitate  allowed  several  days  to  subside.  80*31  grammes  of  the  filtrate 
left  0*0022  grm.  of  sulphate  of  lead.  One  part  of  this  salt  dissolves 
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therefore  in  36504  parts  of  water  containing  sulphuric  acid.  The  Solu- 
tion, mixed  with  sulphuretted  hydrogen,  appeared  colorless  to  the  eye 
looking  through  the  cylinder  laterally,  and  very  little  darker  when  viewed 
from  the  top  of  the  cylinder. 

4 7.  SoLUBILITY  OF  SULPHATE  OF  LEAD  IN  WATER  CONTAINING 
AMMONIACAL  SALTS  AND  FREE  SULPHURIC  ACID  (tO  § 62,  d.). 

A highly  dilute  solution  of  acetate  of  lead  was  mixed  with  a tolerably 
large  amount  of  nitrate  of  ammonia,  and  sulphuric  acid  in  excess  added. 
After  several  days’  standing,  the  mixture  was  filtered.  The  filtrate  was 
nearly  indifferent  to  sulphuretted  hydrogen  water ; and,  viewed  from  the 
top  of  the  cylinder,  it  looked  hardly  perceptibly  darker  than  pure  water. 

48.  Deportment  of  sulphate  of  lead  upon  ignition  (to  § 
62,  d.). 

Speaking  of  the  determination  of  the  atomic  weight  of  sulphur,  Erdmann 
and  Marchand  (Journal  für  praktische  Chemie,  xxxi.  s.  385)  state  that 
sulphate  of  lead  loses  some  sulphuric  acid  upon  ignition.  To  test  the  cor- 
rectness  of  this  Statement,  and  to  ascertain  in  how  much  this  loss  might 
impair  the  accuracy  of  the  method  of  determining  lead  as  a sulphate,  I 
heated  2*2151  grammes  of  absolutely  pure  PbO,  S03  to  the  most  intense 
redness,  over  a spirit-lamp  with  double  draught.  I could  not  perceive  the 
slightest  decrease  in  the  weight  of  the  ignited  compound  ; at  all  events, 
the  decrease  did  not  amount  to  0*0001  grm. 

49.  Deportment  of  Solutions  of  lead  with  sulphuretted 
HYDROGEN  (to  § 62,  /.). 

It  is  a well  known  fact  that  Solutions  of  lead  which  contain  much  free  acid 
are  not  precipitated  by  sulphuretted  hydrogen  unless  diluted  with  water. 
Triboulet  (Archiv,  der  Pharmacie,  xxix.  s.  234)  maintains  that  sulphu- 
retted hydrogen  fails  to  precipitate  the  whole  of  the  lead  from  Solutions  of 
lead  mixed  with  solution  of  acetate  of  potassa ; but  that  the  lead  will 
completely  precipitate  if  ammonia  is  added.  To  test  the  correctness  of 
this  Statement,  I added  to  a concentrated  solution  of  acetate  of  potassa, 
mixed  with  solution  of  neutral  acetate  of  lead,  and  acidified  with  a drop  of 
acetic  acid  ; a.  sulphuretted  hydrogen  water  in  excess  ; b.  sulphuretted  hy- 
drogen gas  in  excess.  In  both  cases,  the  precipitation  was  so  complete  that 
the  filtrates  drawn  olf  after  vigorous  agitation  of  the  mixture  suffered  not 
the  least  alteration  upon  addition  of  ammonia  and  sulphide  of  ammonium. 
It  is  certain,  therefore,  that  Triboulet’s  Statement  is  erroneous,  and  pro- 
bable that  this  error  was  caused  by  the  presence  of  iron  in  the  fluid  upon 
which  this  chemist  operated. 
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50.  Deportment  of  metallic  mercxjry  at  the  common  tem- 
PERATURE  AND  UPON  EBULLITION  WITH  WATER  (tO  § 63,  ö.). 

To  ascertain  in  what  manner  loss  of  metallic  mercury  occurs  upon 
drying,  and  likewise  upon  boiling  with  water,  and  to  determine  which  is 
the  best  metliod  of  drying,  I made  the  following  experiments  : 

I placed  6*4418  grammes  of  perfectly  pure  mercury  upon  a watch- 
glass,  poured  distilled  water  over  the  metal,  removed  the  water  again  as 
far  as  practicable  (by  decantation  and  finally  by  means  of  blotting-paper), 
and  weighed.  I found  the  weight  to  be  6*4412  grammes,  wbich  after 
several  hours’  exposure  to  the  air  were  reduced  to  6*4411  grammes.  I 
placed  these  6*4411  grammes  under  a bell-jar  over  sulphuric  acid,  the 
temperature  being  about  62°  or  63°.  After  the  lapse  of  twenty-four 
hours  the  weight  had  not  altered  in  the  least.  I introduced  the  6*44 1 1 
grammes  of  mercury  into  a flask,  poured  a copious  quantity  of  distilled 
water  over  it,  and  strongly  boiled  the  mixture  for  fifteen  minutes.  I then 
placed  the  mercury  again  upon  the  watch-glass,  dried  it  most  carefully 
with  blotting-paper,  and  weighed.  The  weight  was  now  6*4402  grammes. 
Finding  that  a trace  of  mercury  had  adhered  to  the  paper,  I repeated  the 
same  experiment  with  the  6*4402  grammes.  After  fifteen  minutes’  boiling 
with  water,  the  mercury  had  again  lost  0*0004  grm.  The  remaining 
6*4398  grammes  were  exposed  to  the  air  for  six  days  (in  summer,  during 
very  hot  weather),  after  which  they  were  found  to  have  lost  only 
0*0005  grm. 

51.  Deportment  of  sulphide  of  mercury  with  potassa,  sul- 
PHTDE  OF  AMMONIUM,  ETC.  (to  § 63,  C.). 

a.  If  pure  recently  precipitated  sulphide  of  mercury  is  boiled  with  pure 
solution  of  potassa,  not  a trace  of  it  dissolves  in  that  fluid  ; laydrochloric 
acid  produces  no  precipitate,  nor  even  the  least  coloration,  in  the  filtrate. 

b.  If  sulphide  of  mercury  is  boiled  with  solution  of  potassa  in  conjunc- 
tion  with  some  sulphuretted  hydrogen  water,  sulphide  of  ammonium,  or 
sulphur,  complete  solution  is  effected. 

c.  Digestion  of  sulphide  of  mercury  with  sulphide  of  ammonium  (no 
matter  whether  colorless  or  yellow)  fails  to  dissolve  the  least  trace  of  the 
mercurial  sulphide — cyanide  of  potassium  also  fails  to  dissolve  it.  Hydro- 
cldoric  acid  produced  in  the  sulphide  of  ammonium  filtrate  a pure  white 
turbidity  or  precipitate,  and  in  the  cyanide  of  potassium  filtrate  not  the 
least  turbidity. 

d.  Thoroughly  washed  sulphide  of  mercury,  moistened  with  water, 
suffers  no  alteration  upon  exposure  to  the  air ; at  least,  the  fluid  which  I 
obtained  by  washing  sulphide  of  mercury  which  had  been  thus  exposed  to 
the  air  for  twenty-four  hours,  did  not  manifest  acid  reaction,  nor  did  it 
contain  mercury  or  sulphuric  acid. 


588 


APPKNDIX- 


52.  Deportment  of  oxide  of  copper  upon  ignition  (to  § 
64,  a.). 

Pure  oxide  of  copper  (prepared  from  nitrate  of  copper)  was  ignited  in 
a platinum  crucible,  then  cooled  under  a bell-jar  over  sulpliuric  acid,  and 
fiually  weigbed.  The  weight  was  3*542  grammes.  The  oxide  was  then 
inost  intensely  ignited  for  five  minutes,  over  a Berselius'  lamp,  cooled  and 
reweighed,  when  tlie  weight  was  found  unaltered ; the  oxide  was  then 
once  more  ignited  for  five  minutes,  but  with  the  same  result. 

53.  Deportment  of  oxide  of  copper  in  the  air  (to  § 64,  a.). 

A platinum  crucible  containing  4 3921  grammes  of  gently  ignited  oxide 
of  copper,  prepared  from  the  nitrate,  was  placed  for  teil  minutes  (covered 
with  the  lid)  in  a warrn  room  (in  winter)  ; the  weight  of  the  oxide  of 
copper  was  found  to  have  increased  to  4*3939  grammes. 

The  oxide  of  copper  was  then  intensely  ignited  over  a spirit-lamp  ; after 
ten  minutes’  Standing  in  the  covered  crucible,  the  weight  liad  not  per- 
ceptibly  increased — after  twenty-four  hours  it  had  increased  by  0*0036  grm. 

54.  Deportment  of  sulphide  of  cadmium  with  ammonia, 
etc.  (§  to  66,  c.). 

Pure  recently  precipitated  sulphide  of  cadmium  was  diffused  through 
water,  and  the  following  experiments  were  made  with  the  fluid. 

a.  A portion  was  digested  cold  with  ammonia  in  excess,  and  the  fluid 
filtered.  The  filtrate  remained  perfectly  clear  upon  addition  of  liydro- 
chloric  acid. 

b.  Another  portion  was  digested  hot  with  excess  of  ammonia,  and  the 
fluid  filtered.  This  filtrate  likewise  remained  perfectly  clear  upon  addition 
of  hydrochloric  acid. 

c.  Another  portion  was  digested  for  some  time  with  solution  of  cyanide 
of  potassium,  and  the  fluid  filtered.  This  filtrate  also  remained  perfectly 
clear  upon  addition  of  hydrochloric  acid. 

d.  Another  portion  was  digested  with  hydrosulphate  of  sulphide  of  am- 
monium,  and  the  fluid  filtered.  The  turbidity  which  hydrochloric  acid 
imparted  to  this  filtrate  was  of  a pure  white  color. 

(A  remark  made  by  Wachenroder,  in  Büchner  s Repertorium  der  Phar- 
macie,  xlvi.  s.  226,  induced  me  to  make  these  experiments.) 

55.  Determination  of  soda  in  salts  with  organic  acids  (to 

§ 77,  4.). 

1*154  grm.  of  paratartrate  of  soda  gave,  upon  intense  ignition,  after  de- 
duction  of  0*004  grm.  of  charcoal,  0*63  grm.  of  NaO,  C02,  which  cor- 
responds  to  0*3698  of  NaO  = 32*05  per  cent  (calculated  32*04  per  cent)  ; 
this  gives  99*7  instead  of  100. 
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56.  Determination  of  baryta  by  precipitation  with  car- 
BONATE  OF  AMMONIA  (to  § 79,  2.  «.). 

07553  grm.  of  pure  ignited  chloride  of  barium  were  precipitated  ac- 
cording  to  the  directions  of  § 79,  2,  a. ; the  precipitate  of  Ba  O,  C02 
weighed  0*7142  grm.,  which  corresponds  to  0*5547 1 9 of  Ba  0 = 73  44 
per  cent  (100  parts  of  Ba  CI  ought  to  have  given  73*59  parts).  The  re- 
sult  accordingly  was  99*79  instead  of  100. 

57.  Determination  of  baryta  in  organic  salts  (to  § 79,  2,  b.). 

0*686  grm.  of  paratartrate  of  baryta  [2  (Ba  O,  R)  + 5 aq],  treated  ac- 

cording  to  the  directions  of  § 79,  2,  b.,  gave  0*408  grm.  of  carbonate  of 
baryta  = 0*3168936  of  Ba  0=46*20  per  cent  (calculated  46*36  per  cent), 
which  gives  99*6 1 instead  of  100. 

58.  Determination  of  strontia  as  sulphate  of  strontia  (to 
§ 80,  1.). 

a.  An  aqueous  solution  of  1*2398  grm.  of  SrCl  was  precipitated  with 
SO  3 in  excess,  and  the  precipitated  sulphate  of  strontia  washed  with 
water.  It  weighed  1*4113  grm.,  which  corresponds  to  0*795408  grm.  of 
Sr  O = 64*15  per  cent  (calculated  65*38  per  cent)  ; this  gives  98*12  in- 
stead of  100. 

b.  1*1510  grm.  of  SrO,  C02  was  dissolved  in  hydrochloric  acid  in  excess, 
the  solution  diluted,  and  then  precipitated  with  S03  ; the  precipitated 
SrO,  S03  was  washed  with  water;  it  weighed  1*4024  grm.  = 0*79039 
SrO  = 68*68  per  cent  (calculated  70*07  per  cent)  ; this  gives  98*02  in- 
stead of  100. 

59.  Determination  of  strontia  as  sulphate,  with  correc- 
tion  (to  § 80,  1.). 

The  filtrate  obtained  in  tbe  experiment  described  58,  b.,  weighed  190*84 
grammes.  According  to  experiment  No.  21,  11862  parts  of  w'ater  con- 
taining  sulphuric  acid  dissolve  one  part  of  sulphate  of  strontia.  190*84 
grammes  of  the  filtrate  contain  therefore  0*0161  grm.  of  that  salt  in 
solution.  The  washing  water  weighed  63*61  grammes.  According  to 
experiment  No.  20,  6895  parts  of  water  dissolve  one  part  of  SrO,  S03  ; 
the  63*61  grammes  of  washing  water  contain  therefore  0*0092  grm. 

Adding  0*0161  and  0*0092  gramme  to  the  1*4024  gramme  of  precipi- 
tated sulphate  of  strontia,  we  find  the  total  amount  = 1*4277  gramme, 
which  corresponds  to  0*80465  of  Sr O = 69*91  per  cent  in  SrO,  CO., 
(calculated  70*07  per  cent) ; this  gives  99*77  instead  of  100. 

60.  Determination  of  strontia  as  carbonate  of  strontia 
(to  § 80,  2.). 

1*3104  of  chloride  of  Strontium,  precipitated  according  to  the  direc- 
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tions  of  § 80,  2,  gave  1*2204  grm.  of  SrO,  C02,  containing  0*8551831 
of  Sr  O = 65*26  per  cent  (calculated  65*38),  which  gives  99*82  instead 
of  100. 

61.  Determination  oe  lime  as  sulphate  of  lime,  by  preci- 
PITATION  (tO  § 81,  1,  ß.). 

(In  the  experiments  described  from  61  to  65,  cliemically  pure  air-dried 
carbonate  of  lime  was  used,  in  a portion  of  which  the  amount  of  anyhdrous 
carbonate  had  been  determined  by  very  cautious  heating.  0*7647  grm. 
of  the  heated  carbonate  left  0*7581  grm.,  which  weight  remained  unal- 
tered upon  further  (most  gentle)  ignition  of  the  carbonate ; the  air-dried 
carbonate  contains  accordingly  55*516  per  cent  of  lime). 

1*186  grm.  of  the  said  air-dried  carbonate  of  lime  was  dissolved  in 
liydrochloric  acid,  and  the  solution  precipitated  with  sulphuric  acid  in 
conjunction  with  alcoliol  (see  § 81,  1,  ß.).  The  precipitated  sulphate  of 
lime  weighed  1*5949  grm.,  containing  0*65598  of  Ca  O = 55*31  per  cent 
(calculated  at  55*51),  which  gives  99*64  instead  of  100. 

62.  Determination  of  CaO  as  CaO,  C05,  by  precipitation 

WITH  CARBONATE  OF  AMMONIA  AND  WASHING  OF  THE  PRECIPITATE 
WITH  PURE  WATER  (to  § 81,  2,  ß.). 

An  hydrochloric  acid  solution  of  1*1437  grm.  of  the  air-dried  carbonate  of 
lime  of  61,  gave  upon  precipitation  with  carbonate  of  ammonia  (§  81,  2,  a .) 
1*1243  grm.  of  anhydrous  carbonate  of  lime,  corresponding  to  0*629608 
of  CaO  = 55*05  per  cent  (calculated  55*51  per  cent),  which  gives  99*17 
instead  of  100. 

63.  Determination  of  Ca  O as  Ca  O,  C02,  by  precipitation 

WITH  OXALATE  OF  AMMONIA  FROM  ALKALINE  SOLUTIONS  (to  § 81, 
2,  b.  a.). 

1*1734  grm.  of  the  air-dried  carbonate  of  lime  of  61,  dissolved  in 
hydrochloric  acid,  and  treated  as  stated  § 81,  2,  b.  a.,  gave  1*1632  grm. 
of  CaO,  C02  (reaction  not  alkaline),  containing  0*651392  of  Ca  O = 
55*513  per  cent  (calculated  55*516  per  cent),  which  gives  99*99  instead 
of  100. 

64.  Determination  of  lime  as  oxalate  (to  § 81,  2,  b.  a.). 

0*857  grm.  of  the  air-dried  carbonate  of  lime  of  61  were  dissolved  in 

hydrochloric  acid  ; the  solution  was  precipitated  with  oxalate  of  ammonia 
and  ammonia,  the  precipitate  washed,  and  then  dried  at  212°  until  the 
weight  remained  constant.  The  precipitate  (Ca  0,0  + aq)  weighed 
1*2461  grm.  containing  0*477879  of  Ca  O = 55  76  per  cent  (calculated 
55*516  per  cent),  which  gives  100*45  instead  of  100. 
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G5.  Determination  of  CaO,  as  CaO,  C02  by  precipitation  as 
CaO,  O FROM  ACID  SOLUTION  (tO  § 81,  2,  b.  ß.). 

0857  grm.  of  the  dry  carbonate  of  lime  of  61,  dissolved  in  hydro- 
chloric  acid  and  precipitated  from  tliis  solution  according  to  the  directions 
of  § 81,  2,  b.  ß.,  gave  0*84/6  grm.  of  carbonate  of  lime  (which  did  not 
manifest  alkaline  reaction,  and  the  weight  of  which  did  not  vary  in  the 
least  upon  evaporation  with  carbonate  of  ammonia)  containing  0 474656 
of  CaO  = 55*39  per  cent  (calculated  55*51),  which  gives  9978  instead 
of  100. 

66.  Determination  of  magnesia  as  2 MgO,  P05  (to  § 82,  2). 

a.  A solution  of  1*0587  grm.  of  pure  anhydrous  sulphate  of  magnesia 
in  water,  precipitated  according  to  82*2,  gave  0*9834  of  pyrophosphate  of 
magnesia,  containing  0*3533944  of  magnesia  = 33*38  per  cent  (calculated 
33*35  per  cent),  which  gives  100*09  instead  of  100. 

b.  0*9672  grm.  of  sulphate  of  magnesia  gave  0*8974  2 Mg  O,  P 05  = 
33*34  per  cent  of  Mg  O (calculated  33*35  per  cent  which  gives  99*97 
instead  of  100. 

67.  Precipitation  of  acetate  of  zinc  by  sulphuretted  hy- 
drogen  (to  § 85,  b.). 

a.  A solution  of  pure  acetate  of  zinc  was  treated  with  sulphuretted  hydro- 
gen  in  excess,  and  the  mixture  allowed  to  stand  at  rest  for  some  time,  and 
then  filtered.  The  filtrate  was  mixed  with  ammonia  ; it  remained  per- 
fectly  clear  at  first,  and  even  after  long  standing,  a few,  hardly  visible 
flakes  only  had  separated. 

b.  A solution  of  acetate  of  zinc  to  which  a tolerably  large  amount  of 
acetic  acid  had  been  added  previously  to  the  precipitation  with  sulphu- 
retted hydrogen,  showed  exactly  the  same  deportment. 

68.  Determination  of  mercury  in  the  metallic  state  in  the 

MOIST  WAY  BY  MEANS  OF  PROTOCHLORIDE  OF  TIN  (to  § 94,  1,  b.) 

201  grammes  of  perchloride  of  mercury  gave  1*465  grm.  of  metallic 
mercury  = 72*88  per  cent  (calculated  73*83  per  cent),  which  gives  98*71 
instead  of  100.  {Schaffner. ) 

69.  Precipitation  of  nitrate  of  bismutii  by  carbonate  of 
ammonia  (to  § 96,  a.) 

If  a solution  of  nitrate  of  bismuth,  no  matter  whether  containing  much 
or  little  free  nitric  acid,  is  mixed  with  water,  precipitated  with  carbonate  of 
ammonia  and  ammonia,  and  filtered  without  applying  heat,  the  filtrate  ac- 
quires  upon  addition  of  sulphuretted  hydrogen  water,  a blackish-brown  color. 
But  if  the  mixture  before  filtering  is  heated  for  a short  time,  nearly  to  boil- 
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ing,  sulphuretted  hydrogen  fails  to  impart  this  color  to  the  filtrate,  or,  at  all 
events,  the  cliange  of  color  is  hardly  visible  to  the  eye  looking  through  the 
top  of  the  test-tube  filled  with  it  to  the  brim. 

70.  Determination  of  phosphoric  acid  as  pyrophosphate  of 
MAGNESIA  (to  § 100.) 

In  the  following  experiments  I used  perfectly  pure  air-dried  crystallised 
phosphate  of  soda,  the  amount  of  water  of  which  I had  most  carefully 
determined  by  heating  and  ignition. 

1*3123  grm.  of  the  substance  left  0*4899  grm.  of  pyrophosphate  of  soda. 
This  sliows  a percentage  amount  of  water  = 62*07.  The  formula  2 NaO, 
PO.,  IIO  + 24  acp  requires  62*71  per  cent. 

a.  1*9847  grm.  of  the  air-dried  crystallised  phosphate  of  soda  w7as  dis- 
solved  in  water,  and  the  solution  precipitated  with  sulpliate  of  magnesia, 
chloride  of  ammonium,  and  ammonia,  as  directed  § 106,  I.  b,  a.  The  pre- 
cipitate  was  thoroughly  washed  with  ammoniated  water.  It  yielded,  after 
ignition,  and  after  deducting  for  the  filter-ash,  0*6336  grm.  of  pyrophos- 
phate of  magnesia,  which  corresponds  to  0*3945328  of  phosphoric  acid. 
This  shows  the  amount  of  phosphoric  acid  in  the  crystallised  phosphate 
of  soda  = 19*87  per  cent.— the  above  given  formula  demands  19*9 — and 
corrected  to  the  amount  of  water  found,  19*91  per  cent. 

b.  3*0676  grammes  of  the  same  sample  of  crystallised  phosphate  of  soda 
were  dissolved  in  water  ; the  solution  was  mixed  with  hydrochloric  acid,  then 
with  sesquichloride  of  iron  and  solution  of  alum,  and  tartaric  acid  added, 
and  finally  ammonia,  until  the  precipitate  which  had  formed  at  first  was 
completely  redissolved.  The  mixture  was  then  precipitated  with  sulphate 
of  magnesia,  and  allowed  to  stand  at  rest  for  twelve  hours,  when  it  was  fil- 
tered  and  the  precipitate  washed  with  ammoniated  water,  so  thoroughly, 
that  a drop  of  the  last  washings  left  not  the  least  residue  of  evaporation 
on  a platinum  plate ; and  yet,  nevertheless,  the  precipitate  was  not  white  ; 
but  it  retained  a faint  shade  of  yellow,  and  turned  upon  ignition  slightly 
blackish  throughout  the  whole  mass.  It  weighed,  after  deduction  of  0*0026 
grm.  filter-ash,  0*9786  grm.  which  corresponds  to  0*6181  of  phospho- 
ric acid  = 20*14  per  cent,  (calculated  19*91  per  cent).  The  0*23  per 
cent  surplus  was  owing  to  the  presence  of  a trace  of  charcoal  and  a minute 
amount  of  sesquioxide  of  iron ; the  charcoal  separated  subsequently  upon 
the  solution  of  the  residue  in  hydrochloric  acid ; the  sesquioxide  of  iron 
was  detected  distinctly  in  the  solution  upon  testing  with  sulphocyanide  of 
potassium. 

71.  Separation  of  magnesia  from  soda  (to  § 121,  B.  4,  a.  a.). 

1*1864  grm.  of  pure  ignited  chloride  of  sodium  and  1*4252  grm.  of  pure 

anhydrous  sulphate  of  magnesia  were  dissolved  in  water,  the  solution  was 
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heated  to  212°,  and  mixed  with  water  of  baryta  in  excess.  The  fluid  was 
filtered  from  the  precipitate  formed,  and  the  excess  of  baryta  removed  from 
the  filtrate  by  means  of  carbonate  of  ammonia.  The  filtrate  was  then 
evaporated  with  sulphuric  acid : it  gave  1-4371  grm.  of  neutral  sulphate 
of  soda,  containing  0-4694  of  sodium.  The  precipitate  produced  by  the 
water  of  baryta  was  washed,  then  heated  with  dilute  hydrochloric  acid,  the 
solution  filtered  from  the  undissolved  sulphate  of  baryta,  and  the  filtrate 
evaporated  with  addition  of  sulphuric  acid  (which  produced  a small  pre- 
cipitate of  sulphate  of  baryta).  The  gently  ignited  residue  weighed  r4308 
grm.  It  was  treated  with  water,  and  the  undissolved  sulphate  of  baryta 
filtered  off  and  determined;  its  weight  was  00889  grm.  There  remained 
therefore  for  the  sulphate  of  magnesia  1-4308  grm.  which  corresponds  to 
0*48668  of  Mg  0. 

This  gives  in  100  parts  of  the  mixture, 
found.  calculated. 

Na  17-34  17-86 

Mg  0 18-63  18-56 

Now,  although  these  numbers  correspond  pretty  closely,  yet  the  result 
of  the  analysis  would  have  been  more  satisfactory  had  the  amount  of  mag- 
nesia found  been  somewhat  too  low,  and  that  of  sodium  somewhat  too 
high.  From  the  results  which  I obtained,  I was  led  to  conclude  that  the 
precipitate  produced  by  the  water  of  baryta  had  not  been  thoroughly 
washed,  and  I was  indeed  able  to  detect  the  presence  of  a trace  of  soda  in 
the  separated  sulphate  of  magnesia. 

72.  Chlorimetrical  Experiments  (to  § 189,  &c.). 

1 0 grammes  of  chloride  of  lime  were  triturated  with  water  to  one  litre 
of  fluid,  with  which  the  following  experiments  were  made  : 

a.  Examination  by  Gay-Lussac’ s metliod  (§  191),  result  23-42 — 23*52 
per  cent. 

b.  Examination  by  Penot’s  method  (§  192),  result  23*5 — 23-5  per  cent. 

c.  Examination  by  means  of  iron  (§  193,  modification  a.),  result  23-6 
per  cent. 

d.  Examination  by  Bimsen’ s method  (§  194),  result  23-6 — 23-6  per 
cent. 

I have  mentioned  these  experiments  to  show  that  more  accurate  results 
are  obtained  with  dilute  solution  of  chloride  of  lime  (1  : 100)  than  with 
more  concentrated  Solutions. 
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II.  TABLES  FOR  THE  CALCULATION  OF  ANALYSES. 


TABLE  I. 


EQUIVALENTS  OF  THE  ELEMENTS  WEICH  OCCUR  IN  THE  PRESENT  WORK* 


IR  f P6ö 


f 

Aluminium,  a 

Al 

/y  o ■ 3 

ZrTji 

Antimony 
Arsenic,  b 

Sb 

As 

Barium,  c 

Ba 

Bismuth 

Bi 

Boron,  d 

B 

Bromine 

Br 

Cadmium 

Cd 

Calcium 

Ca 

Carbon 

C 

Chlorine 

CI 

Chromium,  e 

Cr 

Cobalt,  f 

Co 

Copper 

Cu 

Fluorine 

Fl 

Gold 

Au 

Hydrogen 

H 

lodine 

I 

Iron 

Fe 

Lead 

Pb 

co&'f'  C'9 <r 

Lithium,  g 

Li 

Magnesium 

Mg 

Manganese 

Mn 

Mercury 

Hg 

Nickel,  h 

Ni 

Nitrogen 

N 

(UiA^Wv*.  s 


0 = 100 

H = 1 

170-42 

13-63 

(Berzelius) 

1612-90 

129-00 

99 

937-50 

75-00 

(Pelouze,  Berzelius) 

857-32 

68-59 

(Marignac) 

2599-95 

208-00 

(Schneider) 

138-05 

11-04 

(Berzelius) 

999-62 

79-97 

(Marignaca) 

696-77 

55-74 

(Stromeyer) 

250-00 

20-00  | 

j (Dumas,  Erdraann  and 
Marchand) 

75-00 

6-00 

99  99 

443-28 

35-46 

(Marignac1) 

334-70 

26-78 

(Moberg,  Wildenstein) 

368-65 

29-49 

(Rothoff) 

396-00 

31-68 

(Erdmann  & Marchand) 

237-50 

19-00 

(Louyet) 

2458-33 

196-67 

(Berzelius) 

12-50 

1-00 

(Dumas) 

1586-00 

126-88 

(Marignac1) 

350-00 

28-00 

(Erdmann  & Marchand) 

1294-65 

103-57 

(Berzelius) 

83-01 

6-64 

99 

150-19 

12-00 

(Marchand  and  Scheerer) 

344-68 

27-57 

(Berzelius) 

1250-60 

100-05 

(Erdmann  & Marchand) 

369-33 

29-55 

(Rothoff) 

175-06 

14-00 

(Marignac1) 

46- 

jvised  by  Berzelius. 

* These  equivalent  numbers  are  calculated  from  the  best  and  most  precise  investiga- 
tions ; some  of  them  have  not  yet  been  established  by  recent  experiment,  but  are  calculated 
from  others  so  determined.  It  becarae  necessary,  therefore,  to  adjust  the  results  of  the  ori- 
ginal experiments  to  the  corrected  equivalent  numbers.  I have  done  this,  and  I add*  the 
necessary  explanations  by  way  of  appendix ; the  small  letters  by  the  side  of  the  elements  in 
question  refer  to  these  explanations.  The  names  of  the  chemists  who  have  fumished  the 
analytical  results  are  likewise  stated. 
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Oxygen 

O 

0 = 100 
100-00 

h =i 
8-00 

Palladium 

Pd 

665-48 

53-24 

(Berzelius) 

Phosphorus 

P 

392-04 

31-36 

,,  3-/.  Ak/t 

Platinum 

Pt 

1236-75 

98-94 

(Andrews) 

Potassium 

K 

488-86 

39-11 

(Marignac1) 

Silicon 

Si 

185-18* 

14-81 

(Berzelius) 

Silver 

Ag 

1349-66 

107-97 

(Marignac*) 

Sodium,  i 

Na 

287-44 

23-00 

(Pelouze) 

Strontium,  k 

Sr 

545-93 

43-67 

(Stromeyer) 

Sulphur 

S 

200-00 

16-00 

(Erdmann  & Marchand) 

Tin 

Sn 

735-30 

58-82 

(Berzelius)  > 

Zinc 

Zn 

406-59 

32-53 

(Axel  Erdmann) 

/ iAw 

ZU 

» Revised  by  Berzelius. 

( ) 

Un 

ym-sy 

*4 

EXPLANATORY  NOTES  TO  THE  FOREGOING  TABLE. 

a.  Equivalent  of  Aluminium. 

100  parts  of  anhydrous  sulphate  of  alumina  left,  after  expulsion  of  the 
acid  by  intense  ignition,  29*934  parts 'of  alumina.  Consequently,  100 
parts  of  sulphuric  acid  are  saturated  by  42*722 7 parts  of  alumina  ( Berze - 
lius). 

100  : 42*7227  : : 1500  (3  equ.  of  S03)  : x 
x (equivalent  of  Al3  03)  = 640*8405 
640*8405  — 300  = 340-8405  (2  Al) 

340*8405  = 170*42 

2 

b.  EQUIVALENT  OF  ARSENIC. 

1.  The  number  in  the  Table  (937*5)  is  the  same  which  Pelouse  ob- 
tained  by  precipitating  protochloride  of  arsenic  witli  solution  of  silver 
(Compt.  rend.  xx.  p.  1047).  But  the  calculation  is  based  upon  Marignac’s 
equivalent  of  silver  (1349*01)  and  chlorine  (443*2).  If  we  Substitute  for 
these  numbers  1349*66  and  443*28,  as  corrected  by  Berzelius,  we  find 
that  the  real  equivalent  of  arsenic  found  by  Pelouse  is  938*348. 

2.  2*203  grammes  of  arsenious  acid,  heated  with  sulphur,  gave  1*069 

grm.  of  S02,  which  contains  0 5345  O ( Berzelius ).  2*203  grammes  of 

As  Os  consist  accordingly  of  0*5345  O and  1*6685  As. 

5345  : 16685  : : 300  : x 
x — 936*48 

The  mean  of  the  two  numbers  is  937*4,  instead  of  which  I have  given 
in  the  Table  937*5,  to  avoid  unnecessary  deviations. 

* 185-18  is  two-thirds  of  the  number  given  by  Berzelius,  viz.,  277*778,  as  I have  re- 
garded  silicic  acid  as  Si  Os. 
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c.  Equivalent  of  barium. 

Mariynac  found  that  96*365  of  chloride  of  barium  are  precipitated  by 
100  of  silver. 

100  : 96-365  ::  1349-66  : 
x = 1300-5998 
1300-5998  —443-28  = 857-32 

d.  Equivalent  of  boron. 

100  of  borax  gave  47"  1 per  cent  of  water  ( Berzelius ).  . 

47*1  : 100  : : 1 125  : x 
x = 2388*53 

'2388-53  — 2112-44  (viz.  the  sum  of  one  equivalent  of  Na  0=387*44, 
10  equivalents  of  II  O = 1125-0,  and  six  equivalents  of  0 = 600)  = 
276-09 

276-09 

2~  = 138-05 

e.  Equivalent  of  chromium. 

Moberg  (Journal  f.  prakt.  Chemie,  43,  119)  obtained  in  his  determina- 
tion  of  the  equivalent  of  chromium,  334*769  as  the  mean  result  of  his 
experiments. 

Wildenstein  (Journal  f.  prakt.  Chemie,  59,  27)  decomposed  chloride  of 
barium  with  neutral  chromate  of  potassa  ; the  mean  result  of  32  experi- 
ments showed  that  100  of  chromate  of  baryta  correspond  to  81-70  of 
chloride  of  barium. 

81-7  : 100  : : 1300*60  : x ; 
x — 1591-92 

1591-92  — 1257*32  (i.  e.  the  sum  of  Ba  0 + 3 O)  = 334*60 
The  numbers  found  by  the  two  chemists  agree  accordingly  pretty  closely  ; 
I have  taken  the  mean,  viz.  334 -7. 

f.  Equivalent  of  cobalt. 

269-2  parts  of  Co  O,  converted  into  neutral  protochloride  and  precipi- 
tated with  nitrate  of  silver,  gave  1029-9  parts  of  Ag  CI  ( Rothoff ). 

1029-9  : 269"2  : : 1792*94  (equivalent  of  Ag  CI)  : x 
x = 468-65 

468-65  — 100-00  = 368-65 

g.  Equivalent  of  lithium. 

1-874  of  Li  O,  SO 3 gave  3-9985  grms.  of  Ba  O,  S03  ( Berzelius ). 

3-9985  : 1*874  : : 1457-32  : x 
x = 683-01 

683-01  — 600  (S03+0)  = 83-01. 

h.  Equivalent  of  nickel. 

188  of  Ni  O,  converted  into  neutral  protochloride  gave  718-2  of  Ag  CI 
{Rothoff). 
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718-2  : 188  : : 1792-94  (equ.  of  Ag  CI)  :> 

33  x = 469-33 
469-33—100=  369-33 

i.  Equivalent  of  sodium. 

730-37  of  cliloride  of  sodium  were  precipitated  by  1 349 *0 1 of  silver 
(Pelouze). 

1349’01  : 730"37  : : 1349-66  (the  corrected  equ.  of  silver)  : x 
x = 730  72 
730-72  — 443-28  = 287’44 

Je.  Equivalent  of  Strontium. 

100  Sr  CI  gave  181-25  of  Ag  CI  ( Stromeyer ) 

181-25  : 100  : : 1792-94  : x 
x = 989-21 
989-21  —443-28  = 545*93 
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Group  I. 


Group  II. 


Group  III 


TABLE  II. 


COMPOSITION  OF  THE  BASES  AND  OXYGEN  ACIDS. 


Potassa 

a.  BASES. 

K . . 

O . . 

488-86 

100-00 

. 3911  . 
. 8-00  . 

83-02 

16-98 

KO  . . 

588-86 

. 4711  . 

100-00 

Soda 

Na  . . 

287-44 

. 23-00  . 

74-19 

O . . 

100-00 

. 8-00  . 

25-81 

NaO  . 

387-44 

. 3100  . 

100-00 

Lithia 

Li  . . 

83-01 

. 6-64  . 

45-36 

O . . 

100-00 

. 8-00  . 

54-64 

LiO  . 

18301 

. 14-64  . 

100-00 

Ammonia 

NH4  . 

225-06 

. 18-00  . 

69-23 

0 . . 

100-00 

. 8-00  . 

30-77 

NH40. 

325-06 

. 26-00  .. 

100  00 

Baryta 

Ba  . . 

857-32 

. 68-59  . 

89-55 

O . . 

. 100-00 

. 800  . 

10-45 

BaO  . 

957-32 

. 76-59  . 

100-00 

Strontia 

Sr  . . 

545-93 

. 43-67  . 

84-52 

O . . 

100-00 

. 8-00  . 

15-48 

Sr  O . 

. 645-93 

. 51-67  . 

100-00 

Lime 

Ca  . . 

. 250-00 

. 20-00  . 

71-43 

O . . 

100-00 

. 8-00  . 

28-57 

CaO  . 

. 35000 

. 2800  . 

10000 

Magnesia 

Mg 

. 15019 

. 1200  . 

6003 

O . . 

. 100  00 

. 800  . 

39-97 

Mg  O . 

. 250  19 

. 20-00  . 

10000 

Al  um  in  a 

Als  . . . 

340-84 

. 27-26  . 

53.19 

03  . . . 

300  00 

. 24-00  . 

46-81 

Alj  O3 . 


640-84  . 51  26  . 100  00 
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Group  III.  Chromium  sesquioxide 

Crs  . - 

o3  . • 

. 669-40 

300-00 

. 53  56 

. 24-00 

69.05 

30-95 

Cr2  03 

. 969-40 

. 77  56 

100  00 

Group  IV.  Zinc,  oxide 

Zn  . . 

. 406-59 

. 32.53 

80  26 

0 . . 

. 100-00 

. 8-00 

19-74 

Zn  0 . 

. 506-59 

. 40-53 

100  00 

...  Manganese,  protoxide 

Mn  . 

. 344-68 

. 27-57 

77-51 

0 . . 

. 100-00 

. 8-00 

22-49 

• 

Mn  0 . 

. 444-68 

. 35-57 

10000 

Manganese,  sesquioxide 

Mns  . 

. 689-36 

. 5514 

69  67 

03  • 

. 300-00 

. 24-00 

30-33 

Mn,  03 

. 989-36 

. 7914 

100-00 

...  Nickel,  protoxide 

Ni  . . 

. 369-33 

. 29-55 

78-69 

0 . . 

. 100-00 

. 8-00 

21-31 

NiO  . 

. 469-33 

. 37-55 

10000 

...  Cobalt,  protoxide 

Co  . . 

. 368-65 

. 29-49 

78-66 

0 . . 

. 100-00 

. 8-00 

21-34 

CoO  . 

. 468-65 

. 37-49 

10000 

...  Cobalt,  sesquioxide 

Co4  . 

. 737-30 

. 58-98  . 

71-08 

03  • • 

. 300-00 

. 24-00 

28-92 

Co2  03 

. 1037-30 

. 82-98 

100-00 

...  Iron,  protoxide 

Fe  . . 

. 350-00 

. 28-00 

77-78 

0 . . 

. 100-00 

. 8-00 

22-22 

Fe  0 . 

. 450-00 

. 36-00 

100-00 

...  Iron,  sesquioxide 

Fes . . 

. 700-00 

. 5600  . 

70-00 

03.  . 

. 300-00 

. 24-00 

30-00 

Fe,  0, 

. 100000 

. 80-00  . 

100  00 

Group  V.  Silver,  oxide 

Ag  • 

. 1349-66 

. 107-97  . 

9310 

0 . . 

100  00 

8-00  . 

6-90 

AgO. 

. 144966 

. 115-97  . 

100  00 

...  Lead,  oxide 

Pb  . 

. 129465 

. 103-57  . 

92-83 

O . . 

. 10000  . 

8-00  . 

•717 

Pb  O 

. 139465 

111-57  . 

10000 
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Group  V. 


Group  VI. 


Mercury,  suboxide 

Hgs  • 
0 . . 

. 250P20 
. 100-00 

200  10 
800 

. 9616 

3-84 

Hg2  0 

2601-20 

208-10 

. 100-00 

Mercury,  oxide 

Hg 

1250-60 

100-05 

. 9259 

0 . 

100-00 

8-00 

7-41 

Hg  0 

135060 

10805 

. 100-00 

Copper,  suboxide 

Cus  . 

792-00 

63-36 

. 88-79 

0 . 

100-00 

8-00 

. 1121 

Cuj  0 

892-00 

71-36 

. 100-00 

Copper,  oxide 

Cu  . 

39600 

3168 

. 79-84 

0 . . 

100-00 

8-00 

. 2016 

Cu  0 

496-00  . 

39-68 

. 100-00 

Bismuth,  oxide 

Bi  . 

2599-95  . 

208-00 

. 89-655 

03  . 

300-00  . 

24-00 

. 10-345 

Bi  O3 

2899-95  . 

232-00 

. 100-000 

Cadmium,  oxide 

Cd  . 

696-77  . 

55-74 

. 87-45 

0 . 

100-00 

8-00 

. 12-55 

Cd  0 . 

. 796-77  . 

63-74 

. 100-00 

Gold,  teroxide 

Au  . 

2458-33 

196-67 

. 89-12 

o3  . 

300-00 

24-00 

. 10-88 

Au  03. 

2758;33 

220-67 

. 100-00 

Platinum,  oxide 

Pt  . 

1236-75 

98-94 

. 86-08 

02  . 

200-00 

16-00 

. 13-92 

i n 

c+ 

o 

K> 

1436-75 

114-94 

. 100-00 

Antimony,  teroxide 

Sb  . 

1612-90 

129-00 

. 84-32 

03  . 

300-00 

24-00 

. 15-68 

Sb  03 

1912-90 

153-00 

. 100-00 

Tin,  protoxide 

Sn  . 

735-30 

58-82 

. 88-02 

0 . 

100-00 

8-00 

. 11-98 

Sn  0 

835-30 

66-82 

. 10000 

Tin,  binoxide 

Sn  . 

735-30 

58-82 

. 78-62 

02  . . 

200-00  . 

16-00 

21-38 

Sn  Os  . 

935-30  . 

74-82 

100  00 
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Group  VI.  Arsenious  acid  As  . . 937' 50  . 75"00  75-76 

03  . . 300  00  . 24-00  . 24-24 


As  03  . 

1237-50  . 

99-00  . 

100  00 

Arsenic  acid 

As  . . 

937-50  . 

75-00  . 

65-22 

os  . . 

500-00  . 

40-00  . 

34-78 

AsOä  . 

1437-50  . 

115  00  . 

100-00 

b.  ACID8. 

Chromic  acid 

Cr  . . 

334-70  . 

26-78  . 

52-74 

03  . . 

300-00  . 

24-00  . 

47-26 

Cr  03  . 

634-70  . 

50-78  . 

100-00 

Sulphuric  acid 

S . . 

200-00  . 

16  00  . 

40-00 

o3  . . 

300-00  . 

24-00  . 

60-00 

SO,  . . 

500-00  . 

40-00  . 

100  00 

Phosphoric  acid 

P . . 

392-04  . 

31-36  . 

43-95 

05  . . 

500-00  . 

40-00  . 

56-05 

PO,.  . 

892-04  . 

71-36  * 

10000 

Boracic  acid 

B . . 

138-05  . 

11-04  . 

31-51 

03  . . 

300-00  . 

24-00  . 

68-49 

BO,.  . 

438-05  . 

35-04  . 

100-00 

Oxalic  acid 

C2  . . 

150-00  . 

12-00  . 

33-33 

03  . . 

300-00  . 

24-00  . 

66-67 

c2o3  . 

450-00  . 

36-00  . 

100-00 

Carbonic  acid 

c . . 

75-00  . 

6-00  . 

27-27 

os  . . 

200-00  . 

16-00  . 

72-73 

cos . . 

275-00  . 

22-00  . 

10000 

Silicic  acid 

Si  . . 

185-18  . 

14-81  . 

48-08 

02  . . 

200  00  . 

16-00  . 

51-92 

Si  03  . . 

38518  . 

30-81  . 

100-00 

Nitric  acid 

N . . 

175-06  . 

14-00  . 

25-93 

0 . . 

500-00  . 

40-00  . 

74-07 

NOs.  . 

675-06  . 

5400  . 

100-00 

Cliloric  acid 

CI  . . 

443-28  . 

35-46  . 

46-99 

Os  . . 

500-00  . 

4000  . 

5301 

CIO,.  . 

94328  . 

75-46  . 

10000 

CIO 
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TABLE  III. 


METHOD  OF  ASCERTAINING  THE  AMOUNT  OF  ONE  OF  THE  CONSTITUENTS 
OF  A COMPOUND  PRODUCED,  BY  SIMPLE  MULTIPLICATION  OR  DIVISION. 

This  Table  contains  some  of  the  more  frequently  occurring  compounds 
only,  tlie  formulae  preceded  by  ! give  perfectly  accurate  results. 

FOR  INORGANIC  ANALYSIS. 

CAßBONIC  ACID. 

! Carbonate  of  limo  x 0'44  = Carbonic  Acid. 

CHLOBINE. 

Chloride  of  silver  X 0'24724  = Cbdorine. 


COPPER. 

Oxide  of  copper  x 0-79839  = Copper. 

IRON. 

! Sesquioxide  of  iron  x 0'7  = 2 Iron. 

! Sesquioxide  of  iron  x 0-9  = 2 Protoxide  of  Iron 

LEAD. 

Oxide  of  lead  x 0 92830  = Lead. 


MAGNESIA. 

Pyrophosphate  of  magnesia  x 0-35936  = 2 Magnesia. 

MANGANESE. 

Protosesquioxide  of  manganese  x 0-72107  = 3 Manganese. 
Protosesquioxide  of  manganese  X 0-9303  = 3 Protoxide  of  Manganese. 

fji"  ^ " 2>  O 

PHOSPHORIC  ACID. 

Pyrophosphate  of  magnesia  X 0-6406  = Phosphoric  Acid. 


POTASSA. 


Chloride  of  potassium  X 0 52445  = Potassium. 
Sulphate  of  potash  X 0-54080  = Potassa. 
Potassio-hichloride  of  platinum  x 0 30507' 
or 

Potassio-hichloride  of  platinum 


Chloride  of  Potassium 


3'278 
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Potassio-bichloride  of  platinum  X 0- 19272  ' 
or 

Potassio-bichloride  of  platinum 
5-18« 


— Potassa. 


SODA. 

Chloride  of  sodium  x 0-5302  = Soda. 
Sulphate  of  soda  X 0-43658  = Soda. 


SULPHUR. 

Sidphate  of  baryta  x 0-13724  = Sulphur. 

SÜLPHURIC  ACID. 

Sulphate  of  baryta  x 0-34309  = Sulphuric  Acid. 


<jC  • & — J° 00  Z/ 1 


FOE  OEGANIC  ANALYSIS. 


CARBON. 


Carbonic  acid  x 0-2727 
or 

Carbonic  acid 
3'666 
or 

Carbonic  acid  X 3 

n " 


Carbon. 


Water  x 0-1111 
or 

Water 

” 9 


HYDROGEN. 


Hydrogen. 


NITROGEN. 

Ammonio-bichloride  of  platinum  x 0-06271  = Nitrogen. 
Platinum  X 01415  = Nitrogen. 
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TABLE 

Showing  the  amount  of  the 


number  of  the  compound 


Elements. 

Found. 

Sought. 

1 

Aluminium 

Alumina 

Aluminium 

0-53186 

ai*o3 

Al2 

Ammonium 

Chloride,  ammonium 

Ammonia 

0-31804 

N H4,  CI 

NH, 

Ammonio-bichloride  of  platinum 

Oxide  of  ammonium 

0-11644 

N H4  CI,  Pt  Cl2 

N H4,  0 

Ammonio-bichloride  of  platinum 

Ammonia 

0-07614 

N H4  CI,  Pt  Cl2 

NH, 

Antimony 

Teroxide  of  antimony 

Antimony 

0-84317 

Sb  03 

Sb 

Antimony 

Teroxide  of  antimony 

1-18600 

Sb 

Sb  03 

Tersulpbide  of  antimony 

Teroxide  of  antimony 

0-86443 

Sb  S3 

Sb  03 

Antimonious  acid 

Teroxide  of  antimony 

0-95032 

Sb  04 

Sb  03 

Arsenic 

Arsenious  acid. 

Arsenic 

075758 

As  03 

As 

Arsenic  acid 

Arsenic 

0-65217 

As  O5 

As 

Arsenic  acid 

Arsenious  acid 

0-86087 

As  05 

As  03 

Sulpbarsenious  acid 

Arsenious  acid 

0-80488 

As  S3 

As  03 

Sidpharsenious  acid 

Arsenic  acid 

0-93496 

As  S3 

As  0$ 

Barimm 

Baryta 

Barium 

0-89554 

BaO 

Ba 

Sulphate  of  baryta 

Baryta 

0-65690 

Ba  0,  S 03 

Ba  0 

Carbonate  of  baryta 

Baryta 

0-77684 

Ba  0,  C 02 

Ba  0 

Silico-fluoride  of  barium 

Baryta 

0-54548 

Ba  Fl,  Si  Fl2 

Ba  0 

Bismuth 

Teroxide  of  bismuth 

Bismuth 

0-89655 

Bi  O3 

Bi 

Boron 

Boracic  acid. 

Boron 

0-31515 

B03 

B 

Bromine 

Bromide  of  silver 

Bromine 

0 42550 

Ag  Br 

Br 

Cadmium 

Oxide  of  cadmium 

Cadmium 

0-S7449 

Cd  0 

Cd 

Calcium 

Lime 

Calcium 

0-71429 

Ca  0 

Ca 

Sulphate  of  lime 

Lime 

011176 

Ca  0,  S03 

Ca  0 

Carbonate  of  lime 

Lime 

0-56000 

Ca  0,  C 02 

Ca  0 

IV. 

constitutent  sought  for  every 
found,  from  1 — 9. 
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2 

3 

4 

5 

6 

7 

8 

9 

1-06373 

1-59559 

2 12746 

2-65932 

3-19118 

3-72305 

4-25491 

4-78678 

0-63608 

0-95413 

1-27217 

1-59021 

1-90825 

2-22629 

2-54433 

2-86237 

0-23288 

0-34932 

0-46576 

0-58220 

0-69864 

0-81508 

0-93152 

1-04796 

0-15228 

0-22842 

0-30456 

0-38070 

0-45684 

0-53299 

0-60913 

0-68527 

1-68634 

2-52951 

3-37268 

4-21585 

5-05902 

5-90219 

6-74536 

7-5S853 

2-37200 

3-55800 

4-74400 

5-93000 

7-11600 

8-30200 

9-48800 

10-67400 

1-72886 

2-59329 

3-45772 

4-32215 

5-18659 

6-05102 

6-91545 

7-77988 

1-90064 

2-85096 

3-80128 

4-75160 

5-70192 

6-65224 

7-60256 

8-55288 

1-51516 

2-27274 

3 03032 

3-78790 

4-54548 

5-30306 

6-06064 

6-81822 

1-30435 

1-95652 

2-60870 

3-26087 

3-91304 

4-56522 

5-21739 

5-86957 

1-72174 

2-58261 

3-44348 

4-30435 

5-16521 

6-02608 

6-88695 

7-74782 

1-60975 

2-41463 

3-21951 

4-02439 

4-82927 

5-63415 

6-43902 

7-24390 

1-86992 

2-80488 

3-73984 

4-67480 

5-60975 

6-54471 

7-47967 

8-41463 

1-79108 

2-68662 

3-58216 

4-47770 

5-37325 

6-26879 

7 16433 

8-05987 

1-31380 

1-97070 

2-62760 

3-28450 

3-94140 

4-59830 

5-25520 

5-91210 

1-55369 

2-33053 

3-10737 

3-88421 

4-66106 

5-43790 

6-21474 

6-99158 

1-09096 

1-63644 

218192 

2-72740 

3-27288 

3-81836 

4-36384 

4-90932 

1-79310 

2-68965 

3-58620 

4-48275 

5-37930 

6-27586 

7-17240 

8-06895 

0-63029 

0-94544 

1-26058 

1-57573 

1-89088 

2-20602 

2-52117 

2-83631 

0-85100 

1-27650 

1-70200 

2 12750 

2-55300 

2-97850 

3-40400 

3-82950 

1-74898 

262347 

3-49796 

4-37245 

5-24694 

612143 

6-99592 

7-87041 

1-42857 

2-14286 

2-85714 

3-57143 

4-28571 

5-00000 

5-71429 

6-42857 

0-82353 

1-23529 

1-64706 

2-05882 

2-47059 

2-88235 

3-29412 

3-70588 

1-12000 

1-68000 

2-24000 

2-80000 

3-36000 

3-92000 

4-48000 

5 04000 
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TABLE  IV. 


Elements. 

Found. 

Sought. 

1 

Carbon 

Carbonic  acid 

Carbon 

0-27273 

co2 

C 

Carbonate  of  lime 

Carbonic  acid 

0-44000 

Ca  0,  C 02 

co2 

Chlorine 

Chloride  of  silver 

Chlorine 

0-24724 

Ag  CI 

CI 

Chloride  of  silver 

Hydro ch  loric  acid 

0-25421 

Ag  CI 

CI  H 

Chromium 

Sesquioxide  of  chromium 

Chromium 

0-69053 

Cr2  03 

Cr2 

Sesquioxide  of  chromium 

Clrromic  acid 

1-30947 

Crs  03 

2 Cr  03 

Chromate  of  lead 

Chrom  ic  acid 

031276 

Pb  0,  Cr  03 

Cr  03 

Cobalt 

Cobalt 

Protoxide  of  cobalt 

1-27126 

Co 

Co  0 

Copper 

Oxide  of  copper 
Cn  O 

Copper 

rin 

0-79839 

Fluorine 

Fluoride  of  calcium 

Fluorine 

0-48718 

Ca  Fl 

Fl 

Fluoride  of  Silicon 

Fluorine 

0-71950 

Si  Flg 

2 Fl 

Hydrogen 

Water 

Hydrogen 

011111 

H 0 

H 

lodine 

Iodide  of  silver 

lodine 

0-54025 

Ag  I 

I 

Iodide  of  palladium 

lodine 

0-70443 

Pd  I 

I 

Fron 

Sesquioxide  of  iron 

Iron 

0-70000 

Fe2  03 

Fes 

Sesquioxide  of  iron 

Protoxide  of  iron 

0-90000 

Fe2  03 

2 Fe  0 

Lead 

Oxide  of  lead 

Lead 

0-92830 

Pb  0 

Pb 

Sulphate  of  lead 

Oxide  of  lead 

0-73609 

Pb  0,  S 03 

Pb  0 

Chloride  of  lead 

Oxide  of  lead 

0-80248 

Pb  CI 

Pb  0 

Chloride  of  lead 

Lead 

0-74494 

Pb  CI 

Pb 

Sulphuret  of  lead 

Oxide  of  lead 

0-93309 

Pb  S 

Pb  0 

Magnesium 

Magnesia 

Magnesium 

0-60030 

Mg  0 

Mg 

• 

Sulphate  of  magnesia 

Magnesia 

0-33350 

Mg  0,  S 03 

Mg  0 

Pyrophosphate  of  magnesia 

Magnesia 

0-35936 

P Os  2 Mg  0 

2 Mg  0 

Manganese 

Protoxide  of  manganese 

Manganese 

0-77512 

\Mn  0 * •• 

Mn 

PhjtSfeesquioxide  of  manganese 

Manganese 

0-72107 

Vv  Mn  O+Mn  *03 

Mn3 

1 

* Ha.  Vv  (/ 


‘^VK  0' 


^1 


/7^ 


, /O  ^ /».. 


A/3^ 
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continued. 


2 

3 

4 

5 

6 

7 

8 

9 

' 0 54546 

0-81818 

1-09091 

1-36364 

1-63636 

1-90909 

2-18181 

2-45455 

0-88000 

1-32000 

1-76000 

2-20000 

2 64001 

3-08000 

3-52000 

3-96000 

0 49448 

0 74172 

0-98896 

1-23620 

1-48344 

1-73068 

1-97792 

2-22516 

0-50842 

0-76263 

101684 

1-27105 

1-52526 

1-77947 

2-03368 

2-28789 

1-38106 

2-07159 

2-76212 

3-45265 

4-14318 

4-83371 

5-52424 

6-21477 

2-61894 

3-92841 

5-23788 

6-54735 

7-85681 

9-16628 

10-47575 

11-78522 

0-62552 

0-93828 

1-25104 

1-56380 

1-87657 

2-18933 

2-50209 

2-81485 

2-54252 

3-81388 

5-08504 

6-35630 

7-62756 

8-89882 

10-17008 

11-44134 

1-59677 

2-39516 

3-19355 

3-99193 

4-79032 

5-58871 

6-38710 

7-18548 

0-97436 

1-46154 

1-94872 

2-43590 

2-92307 

3-41027 

3-89743 

4-38461 

1-43900 

2-15850 

2-87800 

3-59750 

4-31700 

5-03650 

5-75600 

6-47550 

0-22222 

0-33333 

0-44444 

0-55555 

0-66667 

0-77778 

0-88889 

1-00000 

1-08050 

1-62075 

2-16100 

2-70125 

3-24150 

3-78175 

4-32200 

4-86225 

1-40886 

211329 

2-81772 

3-52215 

4-22658 

4-93101 

5-63544 

6-33987 

1-40000 

2-10000 

2-80000 

3-50000 

4-20000 

4-90000 

5-60000 

6-30000 

1-80000 

2-70000 

3-60000 

4-50000 

5-40000 

6-30000 

7-20000 

8-10000 

1-85660 

2-78490 

3-71320 

4-64150 

5-56980 

6-49810 

7-42640 

8-35470 

1-47219 

2-20829 

294438 

3-68048 

4-41658 

5-15268 

5-88878 

6-62487 

1-60495 

2-40743 

3-20990 

4-01238 

4-81486 

5-61734 

6-41982 

7-22229 

1-48987 

2-23480 

2-97974 

3-72468 

4-46962 

5-21455 

5-95949 

6-70442 

1-86619 

2-79928 

3-73238 

4-66547 

5-59856 

6-53166 

7-46475 

8-39785 

1-20061 

1-80091 

2-40121 

3-00151 

3-60182 

4-20212 

4-80242 

5-40273 

0-66700 

1-00051 

1-33401 

1-66751 

2-00101 

2-33451 

2-66802 

3-00152 

& 

0-71872 

1-07808 

1-43744 

1-79680 

2-15616 

2-51552 

2-87488 

3-23424 

1-55024 

2-32536 

3-10048 

3-87560 

4-65072 

5-42585 

6-20096 

6-97608 

1-44214 

2 16321 

2-88428 

3-60535 

4-32641 

5-04748 

5-76855 

6-48962 
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TABLE  IV. 


Elements. 

Found. 

Sought. 

1 

Manganese 

Sesquioxidc  of  manganese 

Manganese 

0-69678 

Mn2  03 

Mn2 

Snlphate  of  protoxide  of  manganese 

Protoxide  of  manganese 

0-47072 

Mn  0,  S 03 

Mn  0 

Mercury 

Mercury 

Suboxide  of  mercury 

1-03998 

Hg, 

Hg2  0 

Mercury 

Oxide  ot  mercury 

1-07996 

Hg 

Hg  0 

Subchloride  of  mercury 

Mercury 

0-84945 

Hg2  CI 

Hg, 

Subsulphide  of  mercury 

Mercury 

0-86213 

Hg  S 

Hg 

Nickel 

Protoxide  of  nickel 

Nickel 

0-78693 

Ni  0 

Ni 

Nitrogen 

Ammonio-bicliloride  of  platinum 

Nitrogen 

0-06071 

N H,  CI,  Pt  CI, 

N 

Platinum 

Nitrogen 

0-14155 

Pt 

N 

Sulphate  of  baryta 

Nitric  acid 

0-46322 

Ba  0,  S 03 

no5 

Cyanide  of  silver 

Cyanogen 

0-19410 

Ag,  C2  N 

c2n 

Cyanide  of  silver 

Hydrocyanic  acid 

0-20156 

Ag,  C2  N 

C2  N,  H 

Oxygen 

Alumina 

Oxygen 

0-46814 

Als  03 

03 

Teroxide  oi  antimony 

Oxygen 

0-15683 

Sb  03 

03 

Arsenious  acid 

Oxygen 

0-24242 

As  03 

O3 

Arsenic  acid 

Oxygen 

0-34783 

As  Os 

os 

Baryta 

Oxygen 

0-10446 

Ba  0 

0 

Oxide  of  lead 

Oxygen 

0-07170 

Pb  0 

0 

Oxide  of  Cadmium 

Oxygen 

0-12551 

Ca  0 

0 

Lime 

Oxygen 

0-28571 

Ca  0 

Ö 

Sesquioxide  of  cbromium 

Oxygen 

0-30947 

Cr2  03 

03 

Sesquioxide  of  iron 

Oxygen 

0-30000 

Fe,  03 

03 

Protoxide  of  iron 

Oxygen 

0-22222 

Pe  0 

0 

Potassa 

Oxygen 

0 16982 

K 0 

0 

Silicic  acid 

Oxygen 

0-51923 

S 02 

0, 

Protoxide  of  cobalt 

Oxygen 

0-21338 

Co  0 

0 
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2 

3 

4 

5 

6 

H 

( 

8 

9 

1-39356 

2-09034 

2-78712 

3-48390 

4-18068 

4-87746 

5-57424 

6-27102 

0-94144 

1-41217 

1-88289 

2-35361 

2-82433 

3-29505 

3-76578 

4-23650 

2-07996 

3-11994 

4-15992 

5-19990 

6-23988 

7-27986 

8-31984 

9-35982 

2-15992 

3-23988 

4-31984 

5-39980 

6-47977 

7-55973 

8-63969 

9-71965 

1-69890 

2-54836 

3-39781 

4-24726 

5-09672 

5-94617 

6-79562 

7-64508 

1-72425 

2-58638 

3-44850 

4-31063 

5 17275 

6-03488 

6-89701 

7-75913 

1-57386 

2-36079 

3 14772 

3-93465 

4-72158 

5-50851 

6-29544 

7-08237 

0 12542 

0-18812 

0-25083 

0-31354 

4-37625 

0-43896 

0-50166 

0-56437 

0-28310 

0-42464 

0-56619 

0-70774 

0-84929 

0-99084 

1-13238 

1-27393 

0-92644 

1-38966 

1-85288 

2-31610 

2-77932 

3-24254 

3-70576 

4-16898 

0-38820 

0-58239 

0-77640 

0-97050 

1 16460 

1-35870 

1-55280 

1-74690 

0-40312 

0-60468 

0-80624 

1-00780 

1-20936 

1-41092 

1-61248 

1-81404 

0-93627 

1-40441 

1-87254 

2-34068 

2-80882 

3-27695 

3-74509 

4-21322 

0-31366 

0-47049 

0-62732 

0-78415 

0-94098 

1-09781 

L-25464 

1-41147 

0-48484 

0-72726 

0-96968 

1-21210 

1-45452 

1-69694 

1-93936 

2-18178 

0-69565 

1 04348 

1-39130 

1-73913 

2-08696 

2-43478 

2-78261 

3 13043 

0-20892 

0-31338 

0-41784 

0-52230 

0-62675 

0-73121 

0-83567 

0-94013 

0 14340 

0-21510 

0-28680 

0-35850 

0-43020 

0-50190 

0-57360 

0-64530 

0-25102 

0-37653 

0-50204 

0-62755 

0-75306 

0-87857 

1-00408 

1 12959 

0-57143 

0-85714 

1-14286 

1-42857 

1-71429 

2-00000 

2-28571 

1-57143 

0-61894 

0-92841 

1-23788 

1-54735 

1-85682 

2-16629 

2'47576 

2-78523 

0-60000 

0-90000 

1-20000 

1-50000 

1-80000 

2-10000 

2-40000 

2-70000 

0-44444 

0-66667 

0-88889 

111111 

1-33333 

1-55555 

1-77777 

1-99999 

0-33964 

0-50946 

0-67928 

0-84910 

1-01892 

1-18874 

1-35856 

1-52838 

1 03846 

1-55769 

2-07692 

2-59615 

311538 

3-63461 

4 15384 

4-67307 

0-42676 

0 64014 

0-85352 

1-06690 

1-28028 

1-49366 

1 70704 

1-92042 

R R 
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TABLE  IV. 


Elements. 

Found. 

Sought. 

1 

Oxygen 

Oxide  of  copper 

Oxygen 

0-20161 

Cu  0 

0 

Magnesia 

Oxygen 

0-39970 

Mg  0 

0 

Protoxide  of  manganese 

Oxygen 

0-22488 

Mn  0 

0 

Protosesquioxide  of  manganese 

Oxygen 

0-27893 

Mn  0 -j-  Mn2  0 

o« 

Sesquioxide  of  manganese 

Oxygen 

0-30322 

Mn2  03 

o3 

Soda 

Oxygen 

0-25810 

Na  0 

0 

Protoxide  of  nickel 

Oxygen 

0-21307 

NiO 

0 

Oxide  of  mercury 

Oxygen 

0-07404 

Hg  0 

0 

Suboxide  of  mercury 

Oxygen 

0-03844 

Hg  0 

0 

Oxide  of  silver 

Oxygen 

0-00898 

Ag  0 

0 

Strontia 

Oxygen 

0-15482 

Sr  0 

0 

Water 

Oxygen 

0-88889 

PI  0 

Ö 

Teroxide  of  bismuth 

Oxygen 

0 10345 

Bi  03 

o3 

Oxide  of  zinc 

Oxygen 

0-19740 

Zn  0 

0 

Binoxide  of  tin 

Oxygen 

0-21384 

Sn  02 

0 

Phosphorits 

Phosphoric  acid 

bo5 

Phosphorus 

P. 

0-43949 

Pyrophosphate  of  magnesia 

Phosphoric  acid 

0-64064 

P Os,  2 Mg  0, 

P05 

Phosphate  of  sesquioxide  of  iron 

Phosphoric  acid 

0-57229 

3 P Os,  2 Fe2  03 

3 P Os 

Phosphate  of  sesquioxide  of  iron 

Phosphoric  acid 

0-47147 

Fe2  03,  P 05 

PO, 

Phosphate  of  silver 

Phosplioric  acid 

0-17020 

P 04,  3 Ag  0 

P0S 

Pyrophosphate  of  silver 

Phosphoric  acid 

0-23528 

P 05,  2 Ag  0 

P0S 

Potassium. 

Potassa 

Potassium 

0-83018 

KO 

K 

Sulphate  of  potassa 

Potassa 

0-54080 

K 0,  S 03 

K 0 

Nitrate  of  potassa 

Potassa 

0-46590 

K 0,  N 05 

K 0 

Clüoride  of  potassium 

Potassium 

0'52445 

K CI 

Iv 

Chloride  of  potassium 

Potassa 

0-63173 

K CI 

K 0 
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2 

3 

4 

5 

0-40323 

0-60484 

0-80645 

1-00807 

0-79939 

1-19909 

1-59879 

1-99849 

0-44976 

0-67464 

0-89952 

1-12440 

0-55786 

0-83679 

1-11572 

1-39465 

0-60644 

0-90966 

1-21288 

1-51610 

0-51621 

0-77431 

1-03242 

1-29052 

0-42614 

0-63921 

0-85228 

1-06535 

0-14808 

0 22212 

0-29616 

0-37021 

0-07688 

011533 

0-15377 

0-19221 

0-13796 

0-20694 

0-27592 

0-34490 

0-30964 

0-46446 

0-61928 

0-77410 

1-77778 

2-66667 

3-55556 

4-44445 

0-20690 

0-31035 

0-41380 

0-51725 

0-39480 

0-59220 

0-78960 

0-98700 

0-42768 

0-64152 

0-85536 

1-06920 

0-87898 

1-31847 

1-75796 

2-19745 

1-28128 

1-92192 

2'56256 

3-20320 

1 14459 

1-71688 

2-28918 

2-86147 

0-94294 

1-41441 

1-88588 

2-35735 

0-34040 

0-51060 

0-68080 

0-85101 

0-47056 

0-70584 

0-94112 

1-17640 

1-66036 

2-49054 

3-32072 

4-15090 

1-08161 

1-62241 

2-16321 

2-70402 

0-93179 

1-39769 

1-86359 

2-32949 

1-04890 

1-57335 

2-09780 

2 62225 

1-26346 

1-89519 

2-52092 

3-15865 

6 

7 

8 

9 

1-20968 

1-41129 

1-61290 

1-81452 

2-39818 

2-79788 

3 19758 

3-59727 

1-34928 

1-57416 

1-79904 

2-02392 

1-67359 

1-95252 

2-23145 

2-51038 

1-81932 

2 12254 

2-42576 

2-72898 

1-54863 

1-80673 

2-06484 

2-32294 

1-27842 

1-49149 

1-70456 

1-91763 

0-44425 

0-51829 

0-59233 

0-66637 

0-23066 

0-26910 

0-30754 

0-34599 

0-41388 

0-48286 

0-55184 

0-62082 

0-92892 

1-08374 

1-23856 

1-39338 

5-33333 

6-22222 

7-11111 

8-00000 

0-62070 

0 72415 

0-82760 

0-93105 

1-18440 

1-38180 

1-57920 

1-77660 

1-28304 

1-49688 

1-71072 

1-92456 

2-63694 

3-07643 

3-51592 

3-95541 

3-84384 

4-48448 

512512 

5-76576 

3-43376 

4-00506 

4-57835 

515065 

2-82882 

3-30029 

3-77176 

4-24323 

1-02121 

1-19141 

1-36161 

1-53181 

1-41168 

1-64696 

1-88224 

2-11752 

4-98108 

5-81126 

6-64144 

7-47162 

3-24482 

3-78563 

4-32643 

4-86723 

2-79539 

3-26129 

3-72719 

4-19309 

3 14669 

3-67114 

4 19559 

4-72004 

3-79037 

4-42210 

5 05383 

5 68556 

u r 2 
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TABLE  IV. 


Elements. 

Found. 

Sought. 

1 

Potassium 

Potassio-bichloride  of  platinum 

Potassa 

0-19272 

K CI,  Pt  Cl2 

K 0 

Potassio-bichloride  of  platinum 

Chloride  of  potassium 

0-30507 

K CI,  Pt  CI* 

K CI 

Silicon 

Silicic  acid 

Silicon 

0-48077 

Si  0, 

Si 

Silver 

Cldoride  of  silver 

Silver 

0-75276 

Ag  CI 

Ag 

Chloride  of  silver 

Oxide  of  silver 

0-80854 

Ag  CI 

AgO 

Sodium 

Soda 

Sodium 

0-74190 

Na  0 

Na 

Sulphate  of  soda 

Soda 

0-43658 

Na  0,  S 03 

Na  0 

Nitrate  of  soda 

Soda 

0-36465 

Na  0,  N 05 

Na  0 

Chloride  of  sodium 

Soda 

0-53022 

Na  CI 

Na  0 

Chloride  of  sodium 

Sodium 

0-39337 

Na  CI 

Na 

Carbonate  of  soda 

Soda 

0-58487 

Na  0,  C 02 

Na  0 

Strontium 

Strontia 

Strontium 

0-84518 

Sr  0 

Sr 

Sulphate  of  strontia 

Strontia 

0-56367 

Sr  0,  S 03 

Sr  0 

Carbonate  of  strontia 

Strontia 

0-70139 

Sr  0,  C 02 

Sr  0 

Sulphur 

Sulphate  of  baryta 

Sulphur 

0-13724 

Ba  0,  S 03 

S 

Tersulphuret  of  arsenic 

Sulphur 

0-39024 

As  S3 

s3 

Sulphate  of  barvta 

Sulpliuric  acid 

0-34309 

Ba  0,  S 03 

S O3 

Tin 

Binoxide  of  tin 

Tin 

0-78616 

Sn  02 

Sn 

Binoxide  of  tin 

Protoxide  of  tin 

0-89308 

Sn  02 

Sn  0 

Zinc 

Oxide  of  zinc 

Zinc 

0-80260 

Zn  0 

Zn 
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2 

3 

4 

5 

6 

7 

8 

9 

0-38545 

0-57817 

0-77090 

0-96362 

1 15634 

1-34907 

1-54179 

1-73452 

0-61015 

0-91522 

1-22030 

1 52537 

1-83044 

2 13552 

2-44059 

2.74567 

0-96154 

1-44231 

1-92308 

2-40385 

2-88462 

3-36539 

3-84616 

4-32693 

1-50552 

2-25828 

301104 

3-76380 

4-51656 

5-26932 

6-02208 

6-77484 

1-61708 

2-42562 

3-23416 

4-04270 

4-85124 

5-65978 

6-46832 

7-27686 

1-48379 

2-22569 

2-96758 

3-70948 

4-45137 

5 19327 

5-93516 

6-67706 

0-87316 

1-30975 

1-74633 

2-18291 

2-61949 

3-05607 

3-49265 

3-92924 

0-72930 

1 09395 

1-45860 

1-82325 

2-18789 

2-55254 

2-91719 

3-28184 

1-06043 

1-59065 

2-12086 

2-65108 

3-18130 

3-71151 

4-24173 

4-77194 

0-78673 

1-18009 

1-57346 

1-96683 

2-36019 

2-75356 

3-14692 

3-54029 

1-16974 

1-75460 

2-33947 

2-92434 

3-50921 

409407 

4-67894 

5-26381 

1-69036 

2-53554 

3-38072 

4-22590 

5-07108 

5-91626 

6-76144 

7-60662 

1 12734 

1-69101 

2-25469 

2-81836 

3-38204 

3-94571 

4-50938 

5-07305 

1-40278 

2-10417 

2-80556 

3-50695 

4-20834 

4-90973 

5-61112 

6-31251 

0-27447 

0-41171 

0-54894 

0-68618 

0-82342 

0-96066 

1-09789 

1-23513 

0-78049 

1-17073 

1-56097 

1-95122 

2-34146 

2-73170 

3-12194 

3-51219 

0-68619 

1-02929 

1-37238 

1-71548 

2-05857 

2-40167 

2-74476 

3-08786 

1-57232 

2-35848 

314464 

3-93080 

4-71696 

5-50312 

6-28928 

7-07544 

1-78616 

2-67924 

3 57232 

4-46540 

5-35848 

6-25156 

7-14464 

8-03772 

1-60520 

2-40780 

3-21040 

4-01300 

4-81560 

5-61820 

6-42080 

7-22340 
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TABLE  V. 

SPECIFIC  GRAVITY  AND  ABSOLUTE  WEIGHT  OF  SEVERAL  GASES. 


Specific  gravity, 
atmospheric  air  = 
1-0000. 

1 litre(1000  cubiccenti- 
meters)  of  gas  at  0°  G. 
and  0 '76  metre  bar.  pres- 
sure weighs 
Grammes. 

Atmospheric  air  . 

1-0000 

1-29363 

Oxygen  .... 

1-10563 

1-43028 

Hydrogen 

0-06910 

0-08939 

Water,  vapor  of  . 

0-62192 

0-80453 

Carbon,  vapor  of  . 

0-82922 

1-07270 

Carbonic  acid 

1-52024 

1-96663 

Carbonic  oxide  . 

0-96/43 

1-25150 

Phosphorus,  vapor  of 

4-33452 

5-60727 

Sulphur,  vapor  of 

6-63378 

8-58165 

Hydrosulphuric  acid 

1-17475 

1-51969 

lodine,  vapor  of  . 

8-76760 

11-34203 

Bromine,  vapor  of 

5-52605 

7-14866 

Chlorine  .... 

2-45052 

3-17007 

Nitrogen .... 

0-96776 

1-25192 

Ammonia 

0-58753 

0-76005 
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TABLE  VI. 


COMPARISON  OF  THE  DEGREES  OF  THE  MERCURIAL  THERMOMETER 
WITH  THOSE  OF  THE  AIR  THERMOMETER. 


According  to  Dulong  and  Petit 


Degrees  of  the  mercurial  Degrees  of  the  air 
thermometer.  thermometer. 


105 

... 

104-8 

110 

... 

109-6 

120 

... 

119-5 

130 

... 

129-2 

140 

... 

139-0 

150 

... 

148-7 

160 

... 

158-4 

170 

... 

168-0 

180 

... 

177-7 

190 

... 

187-4 

200 

... 

197-0 

210 

... 

206-7 

Degrees  of  the  mercurial 
thermometer. 

220 

230 

240 

250 

260 

270 

280 

290 

300 

320 

340 

350 


Degrees  of  the  air 
thermometer. 

2162 
225  9 
235-4 
245-0 
254-6 
264-0 
273-5 
283-2 
292-7 
3116 
330-5 
34Ö0 


According  to  Magnus. 


Degrees  of  the  mercurial 
thermometer. 

100  

150  

200  


Degrees  of  the  air 
thermometer. 

100-00 

148-74 

197-49 


250  245-39 

300  294-51 

330  320-92 


According  to  Regnault. 


Air  thermometer. 

0 

50  

100  

150  

200  

250  

300  

325  

350  


Mercurial  thermometer. 

0 

50-2 

100-0 

1500 

200-0 

250-3 

301-2 

326-9 

353-3 
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TABLE 


FÜR  T11E  CONVERSION  OF  DEGREES 


INTO  DEGREES  OF 


Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

O 

o 

o 

O 

o 

o 

o 

O 

— 50 

—58-0 

—3 

266 

44 

111-2 

91 

195-8 

— 49 

—56-2 

—2 

28-4 

45 

113-0 

92 

197-6 

—48 

—54-4 

—1 

302 

46 

1148 

93 

199-4 

—47 

—52-6 

0 

32-0 

47 

116-6 

94 

2012 

—46 

—50-8 

+ 1 

33-8 

48 

118-4 

95 

203-0 

—45 

—49-0 

2 

35-6 

49 

120-2 

96 

204-8 

—44 

—47-2 

3 

37-4 

50 

1220 

97 

206-6 

—43 

—45-4 

4 

39-2 

51 

123-8 

98 

208-4 

—42 

—43-6 

5 

410 

52 

125-6 

99 

210-2 

—41 

—41-8 

6 

42-8 

53 

127-4 

100 

2120 

—40 

—40-0 

7 

44-6 

54 

129-2 

101 

213-8 

—39 

—38-2 

8 

46-4 

55 

131-0 

102 

215-6 

—38 

—36-4 

9 

48-2 

56 

132-8 

103 

217-4 

—37 

—34-6 

10 

50-0 

57 

134-6 

104 

219-2 

—36 

—32-8 

11 

51-8 

58 

136-4 

105 

221-0 

—35 

—300 

12 

53-6 

59 

138-2 

106 

222-8 

—34 

—29-2 

13 

55-4 

60 

140-0 

107 

224-6 

—33 

—27'4 

14 

57-2 

61 

141-8 

108 

226-4 

—32 

—25'6 

15 

59-0 

62 

143-6 

109 

228-2 

—31 

—23-8 

16 

60-8 

63 

145-4 

110 

230-0 

—30 

—22-0 

17 

62-6 

64 

147-2 

111 

231-8 

—29 

—20-2 

18 

64-4 

65 

149-0 

112 

233-6 

—28 

—18-4 

19 

66-2 

66 

150-8 

113 

235-4 

—27 

—16-6 

20 

68-0 

67 

152-6 

114 

237-2 

—26 

—14-8 

21 

69-8 

68 

154-4 

115 

239-0 

—25 

—13-0 

22 

71-6 

69 

156-2 

116 

240-8 

—24 

—11-2 

23 

73-4 

70 

158-0 

117 

242  6 

—23 

— 9-4 

24 

75-2 

71 

159-8 

118 

244-4 

22 

— 7-6 

25 

77'0 

72 

161-6 

119 

246-2 

—21 

— 5'8 

26 

788 

73 

1634 

120 

248-0 

—20 

_ 4-0 

27 

80-6 

74 

165-2 

121 

249-8 

—19 

— 2'2 

28 

82-4 

75 

167-0 

122 

251-6 

—18 

_ 0-4 

29 

84-2 

76 

168-8 

123 

253-4 

—17 

+ 1-4 

30 

86-0 

77 

170-6 

124 

255-2 

—16 

3-2 

31 

87'8 

78 

1724 

125 

257-0 

—15 

5-0 

32 

89-6 

79 

174-2 

126 

258-8 

—14 

6-8 

33 

914 

80 

176-0 

127 

260-6 

—13 

8-6 

34 

93-2 

8L 

177-8 

128 

262-4 

—12 

10-4 

35 

95-0 

82 

179-6 

129 

264-2 

—11 

12-2 

36 

96-8 

83 

181-4 

130 

266  0 

—10 

14-0 

37 

98-6 

84 

183-2 

131 

267-8 

— 9 

15-8 

38 

1004 

85 

185-0 

132 

269-6 

— 8 

17  6 

39 

102-2 

86 

186-8 

133 

271-4 

— 7 

194 

40 

104-0 

87 

188-6 

134 

273-2 

— 6 

212 

41 

105-8 

88 

190-4 

135 

275-0 

— 5 

234) 

42 

107-6 

89 

192-2 

136 

276-8 

— 4 

24-8 

43 

109-4 

90 

194-0 
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VII. 

ON  THE  CENTIGRADE  THERMOMETER 
FAHRENHEIT'S  SCALE. 


Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

o 

o 

o 

O 

O 

o 

o 

o 

137 

278-6 

183 

361-4 

229 

444  2 

275 

527-0 

138 

280-4 

184 

363-2 

230 

446-0 

276 

528.8 

139 

282-2 

185 

365-0 

231 

447-8 

277 

530-6 

140 

284-0 

186 

360-8 

232 

449-6 

278 

532-4 

141 

285-8 

187 

368-6 

233 

451-4 

279 

534-2 

142 

287-6 

188 

370-4 

234 

453-2 

280 

536-0 

143 

289-4 

189 

372-2 

235 

455-0 

281 

537-8 

144 

291-2 

190 

3740 

236 

456-8 

282 

539-6 

145 

293-0 

191 

375-8 

237 

458-6 

283 

541-4 

146 

294-8 

192 

377-6 

238 

460-4 

284 

543-2 

147 

296  6 

193 

379-4 

239 

4622 

285 

545-0 

148 

2 98-4 

194 

381-2 

240 

4640 

286 

546-8 

149 

300-2 

195 

3830 

241 

465-8 

287 

548-6 

150 

302-0 

196 

384-8 

242 

467-6 

288 

550-4 

151 

303-8 

197 

386-6 

243 

469-4 

289 

552-2 

152 

305-6 

198 

388-4 

244 

471-2 

290 

5540 

153 

307-4 

199 

390-2 

245 

473-0 

291 

555-8 

154 

309-2 

200 

392-0 

246 

474-8 

292 

557-6 

155 

3110 

201 

393-8 

247 

476'6 

293 

559-4 

156 

312-8 

202 

395-6 

248 

478-4 

294 

561-2 

157 

314-6 

203 

3974 

349 

• 480-2 

295 

563-0 

158 

316-4 

204 

399-2 

250 

482-0 

296 

564-8 

159 

318-2 

205 

401-0 

251 

483-8 

297 

566"6 

160 

320-0 

206 

402-8 

252 

485-6 

298 

568-4 

161 

321-8 

207 

404-6 

253 

487-4 

299 

570-2 

162 

323  6 

208 

406-4 

254 

489-2 

300 

572-0 

163 

325  4 

209 

408-2 

255 

491-0 

301 

573‘8 

164 

327-2 

210 

410-0 

256 

492-8 

302 

575-6 

165 

329-0 

211 

411-8 

257 

494-6 

303 

5774 

166 

330-8 

212 

4136 

258 

496-4 

304 

579-2 

167 

332-6 

213 

415-4 

259 

498-2 

305 

581-0 

168 

334-4 

214 

417-2 

260 

500-0 

306 

582-8 

169 

336-2 

215 

4190 

261 

501-8 

307 

584-6 

170 

338-0 

216 

420-8 

262 

503-6 

308 

5864 

171 

339-8 

217 

422-6 

263 

505-4 

309 

588-2 

172 

341-6 

218 

424-4 

264 

507-2 

310 

590  0 

173 

343-4 

219 

426-2 

265 

509  0 

311 

591-8 

174 

345-2 

220 

428-0 

266 

510-8 

312 

593-6 

175 

347-0 

221 

429-8 

267 

512-6 

313 

595-4 

176 

348-8 

222 

431-6 

268 

514-4 

314 

597-2 

177 

350-6 

223 

433-4 

209 

516-2 

315 

599-0 

178 

352-4 

224 

435  2 

270 

518-0 

316 

600-8 

179 

354-2 

225 

437-0 

271 

519-8 

317 

602-6 

180 

356-0 

226 

438-8 

272 

521-6 

318 

604-4 

181 

357-8 

227 

440-6 

273 

5234 

319 

606-2 

182 

359-6 

228 

442-4 

274 

525-2 

320 

608  0 

TABLE  VIII. 


WEIGHTS  AND  MEASURES. 


GRAMMES. 

GRAINS. 

DECIGRAMMES. 

1 

— 

15-4346 

1 = 

2 

... 

30-8692 

2 

3 

... 

46-3038 

3 

4 

... 

61-7384 

4 

5 

77-1730 

5 

6 

92-6076 

6 

7 

108-0422 

7 

8 

123-4768 

8 

9 

• • • 

138-9114 

9 

CENTIGRAMMES. 

GRAINS. 

MILLIGRAMMES. 

1 

— 

1543 

1 = 

2 

• • • 

•3086 

2 

3 

•4630 

3 

4 

•0173 

4 

5 

•7717 

5 

6 

•9260 

6 

7 

• • • 

1-0804 

7 

8 

1-2347 

8 

9 

••• 

1-3891 

9 

METRES. 

INCHES. 

DECIMETRES. 

1 

zz 

39-37 

1 = 

2 

• • • 

78-74 

2 

3 

11811 

3 

4 

157-48 

4 

5 

196-85 

5 

6 

• • • 

236-22 

6 

7 

275-59 

7 

8 

314-96 

8 

9 

... 

354-33 

9 

CENTIMETRES. 

INCHES. 

MILLIMETRES. 

1 

— 

•3937 

1 = 

2 

... 

•7874 

2 

3 

... 

11811 

3 

4 

1-5748 

4 

5 

1-9685 

5 

6 

2-3622 

6 

7 

2-7559 

7 

8 

3-1496 

8 

9 

... 

3-5433 

9 

One  kilogramme 

= 15434  grains. 

One  cubic  centimeter 

= 0 0610  cubic  inch. 

One  litre 

= 61-0271  cubic  inches. 

GRAINS. 

1-5434 

3-0869 

46304 

6- 1738 

7- 7173 

9-2607 

10-8042 
12  3476 
13-8911 


GRAINS. 

•0154 

•0308 

•0463 

•0617 

0771 

0926 

•1080 

1234 

•1389 


INCHES. 

3-937 

7-874 

11-811 

15-748 

19-685 

23-622 

27-559 

31-496 

35-433 


INCHES. 

•03937 

•07874 

•11811 

•15748 

•19685 

•23622 

•27559 

•31496 

•35433 
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Acetic  acid  (as  reagent)  . . .76 

Acidimetry  . 458  to  465 

Air-bath 37 

Alcohol  (as  reagent)  . . . .76 

Alkaline  earths,  Separation  from  each 
other  ...... 

Alkalimetry 


287 

465 


method  of  Descroizilles  and 
Gay-Lussac  . . .467 

method  of  Fresenius  and 

Will  . . . ..  472 

method  of  Mohr  . . 471 

Alumina,  estimation  of  . . .154 

hydrate,  properties  of  . . 101 

properties  and  composition  of  . 101 

Separation  from  the  alkalies  . 289 

Separation  from  the  alkaline 


earths  ....  289 
Ammonia,  estimation  of  . . .140 

in  mineral  and 
other  waters  . 447 
carhonate  of  (as  reagent)  . 81 

molybdate  of  (as  reagent)  . 82 

oxalate  of  (as  reagent)  . . 81 

phosphate  of  (as  reagent)  . 81 

phospho-molybdate  of  . . 128 

(as  reagent)  . . .81 

succinate  of  (as  reagent)  . 81 

Separation  of,  from  potassa  . 282 
soda  . 282 


soda  and 

potassa  282 

andmagnesia,  arseniate  of,  pro- 


perties and  composition  of  . 124 

Ammonio-bichloride  of  platinum,  proper- 
ties and  composition  of  . 94 

-phosphate  of  magnesia,  pro- 
perties and  composition  of  . 99 

Ammonium-chloride  (as  reagent)  . . 76 

properties  and  com- 
position . . 94 

sulphide  of  (as  reagent)  . 80 

Analyses,  calculation  of  . . .401 


Analysis  (general  mode  of  proceeding)  . 

indiroct  ..... 

calculation  of  results 
(preparation  of  substances  for)  . 
of  organic  compounds  containing 
inorganic  substances 
Analytical  notes  ..... 
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position of 
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Separation  of,  from  the 
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IV. 
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group 

Separation  of 

from  gold  .... 
from  platinum 

from  tin  .... 
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properties  of  . 
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determination  of 
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Atmospheric  air,  analysis  of 

determination  of  oxy- 
gen  in 


PACE 

39 

278 

409 

28 

394 

569 

121 

207 


325 


329 

332 

332 

333 

120 

121 

334 
214 

333 
332 
332 
332 

325 

330 

123 

214 

334 

336 

539 

542 
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B. 
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properties  and  compo- 
sition  of  . . 95 

determination  of  . . .144 

hydrate  of  (as  reagent)  . . 83 

nitrate  of  (as  reagent)  . . 82 
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teroxide,  determination  of  . 201 
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Separation  of,  from  phos- 
phoric  acid  . . . 337 

Bromide  of  silver,  properties  and  compo- 


sition  of  . . . . . . 130 

Bromine,  estimation  of  255 

Separation  of,  from  chlorine  . 344 

from  the  metals  . 257 
Bürette 25 

C. 

Cadmium,  oxide  and  carbonate,  proper- 
ties and  composition  of  . 118 

oxide,  determination  of  . 202 

Separation  of,  from  bismuth  . 320 

from  copper  . 322 

from  lead  . . 320 

from  mercury  . 322 

from  silver  . 320 

oxide,  Separation  of,  from  the 
bases  of  groups  I. — IV.  • 315 

sulphide  . . . .118 

Calcium,  chloride  of  (as  reagent)  . . 82 

Calculation  of  analyses  ....  401 

Carbonic  acid,  determination  of  . . 240 

determination  of,  in  atmo- 
spheric  air . . . 540 

Separation  of,  from  bases . 241 

Separation  of,  from  all 
other  acids  . . 341 


Carbonic  acid,  determination  in  mineral 
waters 

Carbon,  determination  in  nitrogenous 
substances 

determination  in  non-nitro- 
genous  substances  . . 

Chloric  acid,  determination  of 

Separation  from  other  acids 
the  bases  . 

Chloride  of  ammonium  and  bichloride  of 
platinum  . . . . 

ammonium,  properties  and 
composition  of  . 
ammonium  (as  reagent) 
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sition of  . 

potassium,  properties  and  com- 
position of 

potassium  and  bichloride  of 
platinum,  properties  and 
composition  of . 
silver  .... 
sodium,  properties  and  com- 
position of 

Chlorimetry 

Chlorine  (as  reagent)  .... 
determination  of  . . 

in  organic  com- 
pounds 

Separation  of,  from  metals . 
Chlorous.  acid,  determination  of 
Chrome  iron,  analysis  of 
Chromic  acid,  determination  of 
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Separation  of,  from  bases  . 
Chromium,  oxide,  determination  of 

properties  and  compo- 
sition of 

Separation  of,  from  the 
alkalies 

Separation  of,  from  the 
alkaline  earths 
Separation  of,  from  alu- 
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Cobalt,  properties  of  . 
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earths 
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from  manganese 
from  nickel  . 
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mium 
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protoxide,  determination  of 
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composition  of 

hydrated  protoxide,  properties  of 
sulphide  of 

Copper  (as  reagent)  .... 
Separation  of,  from  bismuth 
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377 

354 

277 

348 

277 

94 

94 

76 

81 

82 

112 

91 


91 

110 

93 

475 

81 

255 

393 

253 

277 

304 
219 

337 

221 

156 

102 

289 

292 

293 
106 
293 

295 

301 

305 
308 

299 

302 
165 

107 

106 

107 

82 

321 
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Copper,  Separation  of,  from  lead 

from  mercury 
from  silver  . 
from  the  bases  of 
groups  I. — IV. 

properties  of 
oxide  of  (as  reagent)  . 
determination  of 

by  analysis 
by  measure 
properties  and  composition 
of 

pyrites,  analysis  of  . 
turnings  (as  reagent) 

Cyanide  of  potassium  (as  reagent) 

silver,  properties  and  compo- 
sition of 

Cyanogen,  Separation  of,  from  chlorine, 
bromine,  and  iodine 
Separation  of,  from  metals 

D. 

Decantation  ..... 

Decomposition  by  fluxing 

Desiccation  or  drying  .... 

Dextrine,  determination 

Directions  for  weighing 

Division,  mechanical  .... 

Dolomite,  analysis  of  . . . 

Drying  . 

of  precipitates 

E. 

Elementary  analysis,  organic 

analysis  of  organic  bodies 
containing  chlorine 
analysis  of  organic  bodies 
containing  sulphur  . 
analysis  of  organic  bodies 
free  from  nitrogen,  which 
are  volatile  or  change  at 
212°  . 

analysis  of  organic,  fixed, 
readily  combustible  solid 
bodies  free  from  nitrogen 
analysis  of  organic,  fixed,  dif- 
ficultly  combustible  solid 
bodies  free  from  nitrogen 
analysis  of  organic,  fixed 
liquids  free  from  nitrogen 
analysis  of  organic  nitroge- 
nous  bodies  . 
analysis  of  organic  sub- 
stances  containing  inor- 
ganic  bodies  . . 

analysis  of  organic,  volatile 
fluids  free  from  nitrogen 

Ether  (as  reagent)  .... 

Evaporation  • 

Exercises  for  practice  .... 

Experiments  and  notes 

F. 

Ferro-  and  ferricyanide  of  potassium,  ex- 
amination  of 


319 

319 

319 

315 

116 

84 

196 

502 

115 

502 

86 

81 

111 

347 

266 


57 

494 

31 

505 

17 

29 

494 

31 

66 


349 


Filtering  apparatus  .... 

Stands 

Filtration  

Fluids,  measuring  .... 

Fluoride  of  calcium  (as  reagent)  . 

properties  and  com- 
position of  . 
Fluorine,  Separation  of,  from  metals 
Fluorides,  Separation  of,  from  silicic  acid 
and  silicates  . 
Fluxing  ...... 

Fonnula,  empirical  deduction  of 

rational  .... 

Funnels  ...... 

G. 

Galena,  analysis  of  . . 

Gases,  measuring  .... 
Gold,  properties  of 

Separation  of,  from  copper,  bismuth, 
and  cadmium  .... 

from  lead  and  bismuth 
from  mercury  . 
from  silver 
from  the  bases  of 
groups  I. — IV.  . 
from  the  bases  of  the 
fourth  and  fifth  group 
terchloride  of  (as  reagent)  . 
teroxide,  determination  of  . 

Grape  sugar,  determination  of 
Guano,  analysis  of 
Gunpowder  analysis  of 

residues,  analysis  of  . 


393 
389 

372 

355 

368 

375 

378 

394 

373 
76 
51 

549 

569 

487 


H. 

Heating  precipitates  to  redness 
Hydriodic  acid,  determination  of  . 

Separation  of,  from  acids 
of  the  first  group 

Hydrobromic  acid,  Separation  of,  from 
acids  of  the  first  group 
determination  of 
Hydrochloric  acid  (as  reagent) 

determination  of 
Separation  of,  from  acids 
of  the  first  group 

Hydrocyanic  acid,  determination  of 

Separation  of,  from 
acids  of  the  first 
group  . 

Hydrofluoric  acid,  determination  of 
Hydrofluosilicic  acid  (as  reagent)  . 
Hydrogen  (as  reagent) 

in  nitrogenous  bodies,  deter- 
mination of 

in  non-nitrogenous  bodies,  de- 
termination of  . 

Hydrosulphate  of  sulphide  of  ammonium 
(as  reagent) 


I. 

Iodide  of  silver,  properties  and  composi- 
tion of 


58 

60 

58 
24 
83 

129 

239 

339 

494 

413 

416 

59 


503 

19 

119 

3 8 
331 

330 

331 

325 

327 

82 

204 

505 

538 

490 

343 


68 

257 

341 

341 

255 

76 

250 

341 

265 


341 

239 

82 

84 

377 

354 

80 
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lodine,  determination  of  261 

Separation  of,  from  chlorine  . 346 

bromine,  and  chlorine,  Separation 

of 347 

Separation  of.  from  metals  . .261 

Iran,  Separation  of,  from  alkalies  . . 294 

from  alkaline  eartks  295 

from  alumina  . . 301 

from  cobalt  . . 302 

from  manganese  . 307 

from  nickel  . . 302 

from  sesquioxide  of 


chromium  . . 303 

from  zinc  . . 307 

arseniate  of  sesquioxide  . .124 

sesquichloride  of  (as  reagent)  . 83 

sesquioxide,  determination  of  . 172 


properties  and  com- 
sition  of  . . .108 

phosphate  of  sesquioxide,  proper- 


ties and  composition  of  . . 126 

sulphate  of  protoxide  (as  reagent)  82 
protoxide,  determination  of  . 167 
Separation  of,  from  ses- 
quioxide . . 310 

succinate  of  sesquioxide,  proper- 
ties and  composition  of  . . 126 

determination  by  analysis  by 
measure  . 501 

L. 

Lead,  Separation  of,  from  mercury  . 320 
from  silver  . . 320 

from  the  bases  of 
groups  I. — IV.  . 315 

acetate  (as  reagent)  ...  83 

arseniate,  properties  and  compo- 
sition of  . . . .123 

borate,  properties  of  . . .129 

carbonate,  properties  of  . .111 

chloride,  properties  and  composi- 
tion of  . . . . .112 

chromate,  properties  of  . .125 

(as  reagent)  . . 85 

oxalate,  properties  of  . .111 

oxide  (as  reagent)  ...  83 

properties  and  composition  of  111 
determination  of  . . 185 

phosphate,  properties  of  . .126 

sulphate,  properties  and  composi- 
tion of . . . . .112 

Levigating  slabs  .....  29 

Lime,  determination  of  . . .148 

Separation  of,  from  baryta  . . 287 

from  potassa  and  soda  285 
from  strontia  . .288 

carbonate,  properties  and  composi- 
tion of  . . • . .98 

oxalate  of,  properties  and  composi- 
tion of  . . . . .98 

sulphate  of,  properties  and  com- 
position of  . ...  97 

Limestones,  analysis  of  ...  494 


M.  PAGE 

Magnesia,  determination  of  . . .151 

properties  and  composition  of  100 
Separation  of,  from  baryta  and 

strontia  . . 287 

from  lime  . . 288 

from  potassa  and 
soda  . . 285 

pyrophosphate,  properties  and 
composition  of  . . . 100 

sulphate,  properties  and  com- 
position of  . 99 

(as  reagent)  . 83 

Manganese,  Separation  of,  from  alkalies  294 

from  alkaline 
earths  . 296 
from  alumina  306 
from  sesqui- 
oxide of  chro- 
mium . . 300 

from  zinc  . 306 

carbonate,  properties  and 

composition  of  . .104 

ores,  examination  of  . . . 481 

protoxide,  determination  of  . 160 
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tion^of  . . . . .122 

protochloride  of  (as  reagent)  . . 82 
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binoxide,  determination  of  .210 

V. 

Vapor,  determination  of  the  density  of  397 
Volume,  determination  of  (measuring)  . 19 

W. 

Washing  bottles  . . . .62 

Washing  precipitates  . . . . 62 

Waters,  analysis  of  . . . 429 

Water  ......  75 

in  atmosphere,  determination  of  . 540 

estimation  of  . . .41 

bath,  for  drying  . . 34- 

evaporation  . . .51 
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Z. 

Zinc,  Separation  of,  from  alkalies  . . 294 

from  alkaline  earths  . 295 
from  alumina  . . 302 

from  cobalt  . . 299 

carbonate,  properties  and  composi- 
tion of  102 

oxide,  determination  of  . .158 

properties  and  composition  of  103 
Separation  of,  from  sesquioxide 
of  chromium  . . . 299 

sulphide  of  . . . .104 


ERRATA. 

Page  105,  line  17  from  top,  for  is,  read  or. 

— 120,  line  3 from  bottom,  for  paratartaric,  read  tartaric. 

— 123,  line  11  and  12  from  top ,for  tersulphide  of  arsenic  is  weighed  either  as  arseniate 

of  lead  or  as  arsenic,  read  arsenic  is  weighed  either  as  tersulphide  of  arsenic 
or  as  arseniate  of  lead. 

Page  301,  line  8 from  top,  for  sulphide,  read  sulphite. 
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“ It  would  be  unjust  to  conclude  this  notice  without  saying  a few  words  in  favour  of 
Mr.  Churchill,  frora  whom  the  profession  is  receiving,  it  may  be  truly  said,  the  most 
beautiful  series  of  Illustrated  Medical  Works  which  has  ever  been  publislied.” — Lancet. 

“ All  the  publications  of  Mr.  Churchill  are  prepared  with  so  much  taste  and  neatness, 
that  it  is  superfluous  to  speak  of  them  in  terms  of  commendation.”  — Edinburgh 
Medical  and  Surgical  Journal. 

“ No  one  is  morc  distinguished  for  the  elegance  and  recherchd  style  of  his  publica- 
tions than  Mr.  Churchill.” — Provincial  Medical  Journal. 

“Mr.  Churchill’s  publications  are  very  handsomely  got  up:  the  engravings  are 
rcmarkably  well  executed.” — Dublin  Medical  Press. 


“The  typography,  illustrations,  and  getting  up  are,  in  all  Mr.  Churchill’s  publi- 
cations, most  beautiful.” — Monthly  Journal  of  Medical  Science. 

“ Mr.  Churchill’s  illustrated  works  are  among  the  best  that  emanate  from  the 
Medical  Press.” — Medical  Times. 


“ We  have  before  called  the  attention  of  both  students  and  practitioners  to  the  great 
advantage  which  Mr.  Churchill  has  conferred  on  the  profession,  in  the  issue,  at  such  a 
moderate  cost,  of  works  so  highly  creditable  in  point  of  artistic  execution  and  scientific 
merit.” — Dublin  Quarterly  Journal. 
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Terms  used  in  Medicine  and  the  Collateral  Sciences.  Eighth  Edition.  Edited  by 
Klein  Grant,  M.D.  8vo.  cloth,  30s. 


MR.  JOHN  HORSLEY. 

A CATECHISM  OF  CHEMICAL  PHIL0S0PHI;  bring  a Familiär 

Exposition  of  the  Principles  of  Chemistry  and  Physics.  With  Engravings  on  Wood. 
Designed  for  the  Use  of  Schools  and  Private  Teachers.  Post  8vo.  cloth,  6s.  6d. 

DR.  HUFELAND. 

THE  ART  OF  PROI.ONGING  LIFE.  A New  Edition.  Edited 

by  Erasmus  Wilson,  F.R.S.  Foolscap  8vo.,  2s.  6d. 

DR.  HENRY  HUNT. 

ON  IIEARTBURN  AND  INDIGESTION.  8vo.  cloth,  6s. 

MR.  THOMAS  HUNT,  M. R.C.S. 

THE  PATII0L0GY  AND  TREATMENT  OF  CERTAIN  DIS- 

EASES  OF  THE  SKIN,  generally  pronounced  Intractable.  Illustrated  by  upwards 
of  Forty  Cases.  8vo.  cloth,  6s.  y/ 
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DR.  ARTHUR  JACOB,  F.R.C.S. 

A TREATISE  ON  THE  INFLAMMATIONS  OF  THE  EYE-BALL. 

Foolscap  8vo.  cloth,  5s. 
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DR.  JAMES  JAGO,  A.B.,  CANTAB.;  M.B.,  OXON. 

OCITLAK  SPECTRES  AND  STRITCTURES  AS  MUTUAL  EXPO- 

NENTS.  Illustrated  with  Engravings  on  Wood.  8vo.  cloth,  5s. 


DR.  HANDFIELD  JONES,  F.R.S. 

PATHOLOGICAL  AND  CLI.NICAL  OBSERVATIONS  RESPECT- 

ING  MORBID  CONDITIONS  OF  THE  STOMACH.  Coloured  Plates,  8vo.  cloth,  9s. 


DR.  HANDFIELD  JONES,  F.R.S,  &.  DR.  EDWARD  H.  SIEVEKING. 

A MANUAL  OF  PATHOLOGICAL  ANATOMY.  illustrated  with 

numerous  Engravings  on  Wood.  Foolscap  8vo,  cloth,  12s.  6d. 


MR.  WHARTON  JONES,  F.R.S.  , 

l. 

A MANUAL  OF  THE  PEINCIPLES  AND  PRACTICE  OF 

OPHTHALMIC  MEDICINE  AND  SURGERY;  illustrated  with  Engravings,  plain 
and  coloured.  Second  Edition.  Foolscap  8vo.  cloth,  12s.  6d. 

n. 

THE  WISDOM  AND  BENEFICENCE  OF  THE  ALMIGHTY, 

AS  DISPLAYED  IN  THE  SENSE  OF  VISION;  being  tlie  Actonian  Prize  Essay 
for  1851.  With  Illustrations  on  Steel  and  Wood.  Foolscap  8vo.  cloth,  4s.  6 d. 

m. 

DEFECTS  OF  SIGHT  : their  Nature,  Causes,  Preventiofl,  and  General 

Management.  Fcap.  8vo.  2s.  6d. 
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DR.  BENCE  JONES,  F.R.S. 

ON  ANIMAL  CHEMISTRY,  in  its  relation  to  STOMACH  and  RENAL 

DISEASES.  8vo.  cloth,  6s. 

MR.  KNAGGS. 

UNSOUNDNESS  OF  MIND  CONSIDERED  IN  RELATION  TO 

THE  QUESTION  OF  RESPONSIBILITY  IN  CRIM1NAL  CASES.  8vo.  cloth, 
4s.  6d. 

DR.  LAENNEC. 


I 


A A MANUAL  OF  AUSCULTATION  ANI)  PERCUSSION.  Trans- 

® lated  and  Edited  hy  J.  B.  Sharpe,  M.R.C.S.  3s, 
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DR.  HUNTER  LANE,  F.L.S. 


A COMPENDIÜM  OF  MATEEIA  MEDICA  AND  PHARMACY; 

adapted  to  the  London  Phamiacopoeia,  1851,  embodying  all  the  new  French,  American, 
and  Indian  Medicines,  and  also  comprising  a Summary  of  Practical  Toxicology.  Second 
Edition.  24mo.  cloth,  5s.  Gd. 
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MR.  LAURENCE,  F.R.C.S. 

THE  DIAGNOSIS  OF  SURGICAL  CANCER.  The  Listen  Prize 

Essay  for  1854.  Plates,  8vo.  cloth,  4s.  6d. 


MR.  LAWRENCE,  F.R.S. 

A TREATJSE  ON  RUPTURES.  The  Fifth  Edition,  considerably 

enlarged.  8vo.  cloth,  lös. 
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THE  WATERING  PLACES  OF  ENGEAND,  CONSIDERED  f 

with  Reference  to  their  Medical  Topography.  Third  Edition.  Foolscap  8vo.  cloth,  . 
5s.  Gd.  \> 


ii. 


THE  BATIIS  OF  FRANCE,  CENTRAL  GERMANY,  &c.  Third 

Edition.  Post  8vo.  cloth,  6s.  6d. 
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THE  RATHS  OF  RHENISTI  GERMANY.  Post  8vo.  2,.  6d. 
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MR.  HENRY  LEE,  F.R.C.S. 


PATIIOLOGICAL  AND  SURGICAL  ORSERVATIONS ; incinding 

an  Essay  on  the  Surgical  Treatment  of  Hemorrhoidal  Tumors.  8vo.  cloth,  7s.  Gd. 


DR.  ROBERT  LEE,  F.R.S. 


CLINICAL  REPORTS  OF  OVARIAN  ANI)  UTERINE  DIS- 

EASES,  with  Commentaries.  Foolscap  8vo.  cloth,  6s.  Gd. 


ii. 


CLINICAL  MIDWIFERY : comprising  the  Histories  of  545  Cases  of 

Difficult,  Preteraatural,  and  Complicated  Labour,  with  Commentaries.  Second  Edition. 
Foolscap  8vo.  cloth,  5s. 

iii. 

PRACTICAL  OBSERVATIONS  ON  DISEASES  OF  THE 

UI  ER  US.  \V  ith  coloured  Plates.  T wo  Parts.  Imperial  4to.,  7 s.  Gd.  euch  Part. 
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PRACTICAL  SURGERY.  Fourth  Edition.  8vo.  cloth,  22s. 
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LONDON  MEDICAL  SOCIETY  OE  OBSERVATION. 

WIIAT  TO  OBSERYE  AT  TIIE  BED-SIDE,  AND  AFTER 

DEATH.  Published  by  Autliority.  Second  Edition.  Foolscap  8vo.  clotb,  4s.  Gd. 
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MR.  EDWARD  F.  LONSDALE. 


OBSERYATIONS  ON  TIIE  TREATMENT  OE  LATERAL  CUR- 

YATURE  OF  THE  SPINE.  Second  Edition.  8 vo.  cloth,  6s. 


M.  LUG  OL. 

ON  SCROFULOUS  DISEASES.  Translated  from  the  Frencli,  with 

Additions  by  W.  H.  Ranking,  M.D.,  Physician  to  the  Suffolk  General  Hospital. 
8vo.  cloth,  10s.  Gd. 


MR.  JOSEPH  MACLISE,  F.R.C.S. 

SURGICAL  ANATOMY.  A Series  of  Dissections,  illustrating  the  Prin-  0 

cipal  Regions  ofthe  Human  Body. 

The  Second  Edition,  complete  in  XIII.  Fasciculi.  Imperial  folio,  5s.  each;  bound  in  A 
cloth,  £3.  12s.;  or  bound  in  morocco,  £4.  4s. 
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DR.  M A Y N E . 

AN  EXFOSITORY  LEXICON  OF  THE  TERMS,  ANCIENT  1 

AND  MODERN,  IN  MEDICAL  AND  GENERAL  SCIENCE,  including  a com- 
plete MEDICAL  AND  MEDICO-LEGAL  VOCABULARY,  and  presenting  the 
correct  Pronunciation,  Derivation,  Definition,  and  Explanation  of  the  Names,  Analogues, 
Synonymes,  and  Phrases  (in  English,  Latin,  Greek,  French,  and  German,)  employed  in 
Science  and  connected  with  Medicine.  Parts  I.  to  V.,  price  5s.  each. 
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DR.  WM.  H.  MADDEN. 


THOÜGHTS  ON  PULMONARY  CONSUMPTION ; with  an  Appen- 

dix  on  the  Climate  of  Torquay.  Post  8vo.  cloth,  5s. 


DR.  MARCET. 


DR.  MARTIN. 


ON  TnE  COMPOSITION  OF  FOOD,  AND  HOW  IT  IS 

ADULTERATED  ; with  Practical  Directions  for  its  Analysis.  8vo.  cloth,  6s.  6tf. 
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THE  UNDERCLIFF,  ISLE  OF  WIGHT:  it»  Climate,  History,  A 

and  Natural  Productions.  Post  3vo.  cloth,  10s.  Gd. 
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DISEASES  OF  THE  HEART : THEIß  PATnOLOGY,  DIAG- 

NOSIS,  AND  TREATMENT.  Post.  8vo.  cloth,  6s. 

SKODA  OH  AUSCULTATION  ” AND  PERCUSSIOH.  Post  8vo. 

cloth,  6s. 
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MR.  J.  RANALD  MARTIN,  F.R.S. 

THE  IHFLUEHCE  OE  TROPICAL  CLIMATES  OH  EURO- 

PEAN  CONSTITUTIONS.  Originally  by  the  late  James  Johnson,  M.D.,  and  now 
entirely  rewritten;  including  Practical  Observations  on  the  Diseases  of  European  Invalids 
on  their  Return  from  Tropical  Climates.  Seventh  Edition.  8vo.  cloth,  16s. 
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DR.  MASSY. 


ON  THE  EXAMINATION  OF  RECRUITS ; intended  foi-  the  üse  of 

Young  Medical  Officers  on  Entering  the  Army.  8vo.  cloth,  5s. 
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DR.  MILLINGEN. 


f OH  THE  TREATMEHT  AHD  MANAGEMENT  OE  THE  IH-  f 

SANE;  with  Considerations  on  Public  and  Private  Lunatic  Asylums.  18rao.  cloth,  i 
4s.  6d.  & 


MR.  JOHN  L.  MILTON,  M.R.C.S. 

PRACTICAL  OBSERYATIOHS  OH  A HEW  WAY  OF 

TREATING  GONORRIICEA.  With  some  Remarks  on  the  Cure  of  Inveterate  Cases. 
8vo.  cloth,  5s. 


DR.  MONRO. 


REMARKS  OH  IHSAHITY : its  Nature  and  Treatment.  8vo.  cloth,  Gs. 
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BEFOEM  IN  PRIVATE  LIINATIO  ASYLUMS.  «TO.  cloth,  4*. 
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DR.  NOB  LE. 

ELEMEHTS  OF  PSYCHOLOGICAL  MEDICIHE : AH  IHTRO- 

DUCTION  TO  THE  PRACTICAL  STUDY  OF  INSANITY.  Second  Edition.  8vo.  v\ 


R0-  ? 


cloth,  10s. 

■ 


4 2 


-©* 


MR.  CHURCHILL’s  PUBL1CATI0NS. 
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DISEASES  OF  TIIE  EAR.  lllustrated  by  Clinical  Observatious. 

8vo.  clotli,  12s. 

II. 

PRACTIOAL  OBSERVATIONS  ON  CONICAL  CORNEA,  AND 

on  the  Short  Sight,  and  other  Defects  of  Vision  connected  with  it.  8vo.  cloth,  6s. 


MR.  NOURSE,  M.R.C.S. 


TABLES  FOR  STUDENTS.  rrioe  One 
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1 . Divisions  and  Classes  of  the  Animal  Kingdom. 

2.  Classes  and  Orders  of  the  Vertebrate  Sub-kingdom. 

3.  Classes  of  the  Vegetable  Kingdom,  according  to  the  Natural  and  Artificial  Systems. 

4.  Table  of  the  Elements,  with  their  Chemical  Equivalents  and  Symbols. 


MR.  NUNNELEY. 

I A TREATISE  ON  THE  NATURE,  CAUSES,  AND  TREATMENT 

OF  ERYSIPELAS.  8vo.  cloth,  10s.  6c?. 
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I.  ADDRESS  TO  A MEDICAL  STUDENT.  Second  Edition,  18mo.  cloth,  2s.  6c?. 

II.  PRAYERS  FOR  THE  USE  OF  THE  MEDICAL  PROFESSION.  Second 
Edition,  cloth,  ls.  6c?. 

III.  LIFE  OF  SIR  JAMES  STONIiOUSE,  BART.,  M.D.  Cloth,  4s.  6c?. 

IV.  ANECDOTA  SYDENHAMIANA.  Second  Edition,  1 8mo.  2s. 

V.  LIFE  OF  THOMAS  HARRISON  BURDER,  M.D.  18mo.  cloth,  4s. 

VI.  BURDER’S  LETTERS  FROM  A SENIOR  TO  A JUNIOR  PHYSICIAN, 

ON  PROMOTING  THE  RELIGIOUS  WELFARE  OF  HIS  PATIENTS.  18mo.  sewed,  6d. 

VII.  LIFE  OF  GEORGE  CIIEYNE,  M.D.  1 8mo.  sewed,  2s.  6d. 

VIII.  HUFELAND  ON  THE  RELATIONS  OF  THE  PHYSICIAN  TO  THE 

SICK,  TO  THE  PUBLIC,  AN»  TO  HIS  COLLEAGUES.  18m0.  sewed,  9c?. 

IX.  GISBORNE  ON  THE  DUTIES  OF  PHYSICIANS.  18mo.  sewed,  ls. 

X.  LIFE  OF  CHARLES  BRANDON  TRYE.  18mo.  sewed,  ls. 

XI.  PERCIVAL’S  MEDICAL  ETIIICS.  Third  Edition,  18mo.  cloth,  3s. 

XII.  CODE  OF  ETIJICS  OF  THE  AMERICAN  MEDICAL  ASSOCIATION.  8c?. 

XIII.  WARE  ON  THE  DUTIES  AND  QUALIFICATIONS  OF  PHYSICIANS. 

8c?. 

XIV.  MAURICE  ON  TIIE  RESPONSIBILITIES  OF  MEDICAL  STUDENTS. 

9c?. 

XV.  FRASER’S  QUERIES  IN  MEDICAL  ETIIICS.  9c?. 
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DR.  ODUNG. 


A COURSE  OF  PRACTIOAL  CHEMISTRY,  FOR  THE  USE 

OF  MEDICAL  STUDENTS.  Arranged  with  express  reference  to  the  Three  Months’ 
Summer  Course.  Post  8vo.  cloth,  4s.  6c?. 
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MR.  PAGET. 

A DESCKIPTIVE  CATALOGUE  OE  THE  ANATOMICAL 

MUSEUM  OF  ST.  BARTIIOLOMEW’S  HOSPITAL.  Yol.  I.  Morbid  Anatomy. 
8vo.  cloth,  5s. 

DITTO.  Vol.  II.  Natural  and  Congenitally  Malformed  Structures,  and  Lists  of  the 
Models,  Casts,  Drawings,  and  Diagrams.  5s. 


MR.  LANGSTON  PARKER. 

TnE  MODERN  TREATMENT  OF  SYPniLITIC  DISEASES, 

both  Primary  and  Secondary;  comprising  the  Treatment  of  Constitutional  and  Confirmed 
Syphilis,  by  a safe  and  successful  Method.  Third  Edition,  8vo.  cloth,  10s. 
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DR.  THOMAS  B.  PEACOCK,  M.D. 


MR.  JAMES  PART,  F.R.C.S. 

TUE  MEDICAL  ANI)  SITRGICAL  POCKET  CASE  BOOK, 

for  the  Registration  of  important  Cases  in  Private  Practice,  and  to  assist  the  Student  of  Ä 
Hospital  Practice.  Second  Edition.  3s.  6c?.  V/" 


ON  THE  INFLUENZA,  OR  EPIDEMIC  CATARRHAL  FEVER  j. 


OF  1847-8.  8vo.  cloth,  5s.  6c?, 


DR.  PEREIRA,  F.R.S. 

SELECTA  E PRiESCEIPriS.  Twelfth  Edition.  24mo.  cloth,  5s. 

MR.  PETTIGREW,  F.R.S. 

ON  SHPEESTITIONS  connected  with  the  Ilistory  and  Practice  of 

Medicine  and  Surgery.  8vo.  cloth,  7s. 
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MR.  PIRRIE,  F.R.S. E. 

TUE  PRINCIPLES  AND  PRACTICE  OF  SURGERY.  With 

numerous  Engravings  on  Wood.  8vo.  cloth,  21s. 


PIIAPMACOPGEIA  COLLEGII  PEGALIS  MEDICORUM  LON- 

DINENSIS.  8vo.  cloth,  9s.;  or  24mo.  5s. 

(jj  Imprimatur. 

Hic  über,  cui  titulus,  Pharmacopceia  Collegii  Regalis  Medicorum  Londinensis. 
Datum  ex  iEdibus  Collegii  in  comitiis  censoriis,  Novembris  Mensis  14t0  1850. 

Johannes  Ayrton  Paris.  Präses. 
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PROFESSORS  PLATTNER  &c  MUSPRATT- 

THE  USE  OE  THE  BLOWPIPE  IN  THE  EXAMINATION  OF 

MINERALS,  ORES,  AND  OTIIEIt  METALLIC  COMBINATIONS.  Illiutrated 
by  numerous  Engravings  on  Wood.  Third  Edition.  8vo.  cloth,  10s.  Gd. 


THE  PRESCRIBER’S  PHARMACOPCEIA;  containing  all  the  Medi- 

cines  in  the  London  Pharmacopoeia,  arranged  in  Classes  according  to  their  Action,  with 
their  Composition  and  Doses.  By  a Practising  Physician.  Fourth  Edition.  32mo. 
cloth,  2s.  Oc/. ; roan  tuck  (for  the  pocket),  3s.  Gd. 


DR.  JOHN  ROWLISON  PRETTY. 


AIDS  DÜRING  LABOUR,  including  the  Administration  of  Chloroform, 

the  Management  of  Placenta  and  Post-partum  Haemorrhage.  Fcap.  8vo.  cloth,  4s.  Gd. 


SIR  WM.  PYM,  K.C.H. 

OBSERYATIONS  UPON  YELLOW  FEYER,  with  a Review  of 

“A  Report  upon  the  Diseases  of  the  African  Coast,  by  Sir  Wh.  Büknett  and 
Dr.  Bryson,”  proving  its  highly  Contagious  Powers.  Post  8vo.  6s. 
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DR.  RADCLIFFE. 

EPILEPSY,  AND  OTLIER  AFFECTIONS  OF  THE  NERYOUS 

SYSTEM  which  are  marked  by  Tremor,  Convulsion,  or  Spasm:  their  Pathology  and 
Treatment.  8vo.  cloth,  5s. 


DR.  F.  H.  RAMSBOTHAM. 


THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRIC  MEDI- 

CINE  AND  SURGERY.  Illustrated  with  One  Hundred  and  Twenty  Plates  on  Steel 
and  Wood;  forming  one  thick  handsome  volume.  Fourth  Edition.  8vo.  cloth,  22s. 


DR.  RAMSBOTHAM. 


PRACTICAL  OBSERYATIONS  ON  MIDTVIFERY,  with  a Seiection 

of  Cases.  Second  Edition.  8vo.  cloth,  12s. 


DR.  RANKING  & DR.  RADCLIFFE. 


IIALF-YEARLY  ABSTRACT  OF  TIIE  MEDICAL  SCIENCES ; 

being  a Practical  and  Analytical  Digest  of  the  Contents  of  the  Principal  British  and  Con- 
tinental Medical  Works  published  in  the  preceding  Half-Year;  together  with  a Critical 
Report  of  the  Progress  of  Medicine  and  the  Collateral  Sciences  during  the  same  period. 

Volumes  I.  to  XXIV.,  6s.  6d.  each. 


DR.  DU  BOIS  REYMOND. 

& ANIMAL  ELECTRICITY ; Edited  by  H.  Bence  Jones,  M.D.,  F.R.S. 

With  Fifty  Engravings  on  Wood.  Foolscap  8vo.  cloth,  6s. 
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DR.  REYNOLDS. 


THE  DIAGNOSIS  OE  DISEASES  OE  THE  BRAUNE  SPINAL 

CORD,  AND  T1IEIR  APPENDAGES.  Hvo.  cloth,  8s. 


DR.  EVANS  RIADORE,  F.R.C.S.,  F.L.S. 

I. 

ON  SPINAL  IRRITATION,  THE  SOURCE  OE  NERYOUS- 

NESS,  INDIGESTION,  AND  FUNCTION  AL  DERANGEMENTS  OF  THE 
PRINCIPAL  ORGANS  OF  THE  BODY.  Post  8vo.  cloth,  5s.  6d. 

II. 

THE  REMEDIAL  INELUENCE  OE  OXYGEN,  NITROUS 

OXYDE,  AND  OTHER  GASES,  ELECTRICITY,  AND  GALVANISM.  Post 
8vo.  cloth,  5s.  6d. 

in. 

ON  LOCAL  TREATMENT  OE  TM  MUCOUS  MEMBRANE 

OF  THE  TIIROAT,  for  Cough  and  Bronchitis.  Foolscap  8vo.  cloth,  3s. 

ON  MECnANICAL  SUPPORT  TO  THE  RECTUM,  FOR  THE  f 

TREATMENT  OF  PROLAPSUS  AND  H/EMORRIIOIDS.  Fcap.  8vo.  cloth,  3s. 


DR.  B.  W.  RICHARDSON.  * 

THE  HYGIENIC  TREATMENT  OE  PULMONARY  CONSUMP-  ? 

TION.  8vo.  cloth,  5s.  6d. 
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MR.  ROBERTON. 


ON  THE  PHYSIOLOGY  AND  DISEASES  OF  WOMEN,  AND 

ON  PRACTICAL  MIDWIFERY.  8vo.  cloth,  12s. 


DR.  W.  H.  ROBERTSON. 


THE  NATURE  AND  TREATMENT  OF  GOUT. 

8vo.  cloth,  10s.  6<l. 

A TREATISE  ON  I)IET  AND  REGIMEN. 

Fourth  Edition.  2 vols.  post  8vo.  cloth,  12s. 


DR.  ROTH. 

ON  MOYEMENTS.  An  Exposition  of  thcir  Principles  and  Practice,  for  (?) 

the  Correction  of  the  Tendencies  to  Disease  in  Infancy,  Childhood,  and  Youth,  and  for  ^ 

the  Cure  of  many  Morbid  Affections  in  Adults.  Illustratcd  with  numerous  Engravings  X 
on  Wood.  8vo.  cloth,  10s. 
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DR.  ROWE,  F.S.A. 

NERYOUS-  DISEASES,  LIYER  ANI)  STOMACH  COM- 

PLAINTS,  LOW  SPIRITS,  INDIGESTION,  GOUT,  ASTHMA,  AND  DIS- 
ORDERS PllODUCED  BY  TROP1CAL  CLIMATES.  With  Cases.  Fifteenth 
Edition.  Fcap.  8vo.  2s.  (kl. 


WWWVWVVWVVW«  MW 


DR.  ROYLE,  F.R.S. 


A MANUAL  OE  MATERIA  MEDICA  AND  THERAPEUTICS. 

With  numerous  Engravings  on  Wood.  Third  Edition.  Fcap.  8vo.  cloth,  12s.  6<L 

MR.  RUMSEY,  F.R.C.S. 

ESSAYS  ON  STATE  MEDICINE.  8v0.  cloth,  10«.  ad. 


MR.  SAVORY. 

A COMPENDIHM  OF  DOMESTIC  MEDICINE,  AND  COMPA- 

NION  TO  THE  MEDICINE  CHEST;  comprising  Plain  Directions  for  the  Employ- 
ment  of  Medicines,  with  their  Properties  and  Doses,  and  Brief  Descriptions  of  the 
Symptoms  and  Treatment  of  Diseases,  and  of  the  Disorders  incidental  to  Infants  and 
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